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ABSTRACT

This primer provides an introduction to the Goddard Mission
Analysis System (GMAS). The primary objective of this docu-
ment is to familiarize the reader with the fundamental oper-
ational mechanics of GMAS. The treatment of the subject
matter is kept at an elementary level. Therefore, this
primer is by no means an exhaustive study of GMAS capabili-
ties. Basic information about propagating orbits, creating
utilities, and generating automatic sequences is presented

in a tutorial fashion with illustrations, examples, and ex-
planations. ‘
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SECTION 1 - INTRODUCTION

1.1 DOCUMENT PURPOSE AND USE

This primer provides an introduction to the Goddard Mission
Analysis System (GMAS). The primary objective of this docu-
ment is to familiarize the reader with the fundamental op-
erational mechanics of GMAS. The reader is assumed to have
a working knowledge of the basic principles of astrody-
namics. For example, the text contains references to or-
bital elements, coordinate systems, and spacecraft dynamics
without any special explanations.
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is intended to be comprehensible to persons with
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e computer background. For this reason, allusions
to the internal software workings of the system have been
avoided. To avoid apparent ambiguity and confusion, this
primer presents a very structured approach to the operation
of GMAS. Although the methods described in this document
may not be the most efficient or "clever" ways to solve
particular problems, they are the most straightforward. The
more experienced user of GMAS may become more pragmatic in

hisg annrnar*h to a micsgsion nr ohlem Heo may Aiscover thatr

HLUS ot R0 5 81 oD Y s s e

some of the rules so strictly adhered to in this document
can be relaxed or even ignored. He may also discover ways
to manipulate GMAS internal software that greatly facilitate
the solution to his problem. This, however, is tevond the
scope of this document. A comprehensive description of GMAS
can be found in the GMAS System Description (Reference 1) or
the GMAS User's Guide (Reference 2).

To use this primer most effectively, the reader must have
the follnwing documents: (1) the GMAS User's Guide (Refer-
ence 2) and (2) the GMAS Software Resources document (
ence 3) and its update supplements (References 4 and 3).

Many references are made to the contents of -hese documents

1-1



in this primer. The appendixes at the end of the User's
Guide are crucial for any GMAS work.

Most of the content of this primer is supported by ex-
amples. To obtain the maximum benefit from this document,
the reader should

1. Obtain the GMAS User's Guide and the GMAS Software
Resources document to use in conjunction with the
primer.

2. Read each section of the primer. Run the examples
in each section on the computer. Determine whether
the results obtained are the same as those speci-
fied in the primer.

3. Experiment by varying the input in the examples.

1.2 DOCUMENT OVERVIEW

This primer is composed of seven sections. The remainder of
Section 1 provides some general information about GMAS.
Section 2 describes a sample GMAS deck. Section 3 specifies
the steps necessary to propagate a satellite orbit using
GMAS. Section 4 describes the creation of an automatic se-
quence. Section 5 discusses the use of special GMAS capa-
bilities in solving mission-related problems. Section 6
specifies the steps necessary to build a user module.
Section 7 discusses various miscellaneous GMAS features,

including automatic sequence libraries and -he interactive
mode.

1.3 GMAS OVERVIEW

1.3.1 GMAS DEFINED

GMAS is a collection of computer programs :3ftware) that
are currently stored on an IBM S/360 comput=- located in
S8uilding 3 at Goddard Space Flight Cer:2r ‘:37C). Input to
GMAS 1is usually punched on cards and .3 i~ - e form of a

1-2




program (as opposed to data input). The GMAS input is
called an automatic sequence. GMAS is primarily used to
solve mission analysis problems.

1.3.2 GMAS CAPABILITIES

GMAS nas a number of capabilities, including the following:

° GMAS can simulate satellite orbits with arpitrarv
oroital elements, rorce mouels, and stopping criteria. The
user may choose from an assortment of propagators or design
his own propagator to suit his mission-specific problems.
Many ulfferent levels of orbital information printouts are
available to the user. If the standard GMAS assortment of

@]

output parameters is not satisfactory, the user mav deve

(=

(o)
s
L

nis own output.

° GMAS can perform shadow and station coverage
studies. It can create (or read) orbit (ORBIT) files and
read epnemeris (EPHEM) files.

° GMAS has a grapning capability that can be used to
generate comparison graphs of selected orbital parameters of
two satellites.

GMAS has a targeting and optimizaction capability

tnat can be used by mission analysts to target maneuvers.

@ GMAS has a Monte Carlo error analvsis package tor
perrorming statistical studies.

Tne most useful aspects of GMAS are its rlexibility and ver-
satilicty. Wltn tne input capaoility (automatic seguences;,
tne user can string together any collection oOf storedc rod-
tines (uctllities) in any desired contiguration. These
utilities can also communicate through special communication
variables (dynamic arrays). The combined use of the N33

Of GMA:S vircually unlimitad.

H
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1.3.3 GMAS ADVANTAGES

Some of the advantages of using GMAS are as follows:

. Software development time savings--Many other soft-
ware systems (e.g., the Research and Development Goddard
Trajectory Determination System (R&D GTDS)) are hard coded.
For such systems, extensive software work is often necessary
even for a relatively small alteration. GMAS is modular-
ized; thus the user can concern himself with the creation or
enhancement of a particular module without having to worry
~about the effects it will have on the entire systenm.

° Core savings and efficiency--Through modulariza-
tion, GMAS is able to operate much more efficiently than its
cumbersome counterparts, which may be laden with unused or
dead code. Since GMAS programs require less computer memory
(core), their turnaround time is more rapid.

° Stability--Because of its modularization, GMAS is a
very stable system. It does not suffer from having "too
many chefs in the kitchen." Each user creates nis own util-
ities and stores them in his own private library. The sys-
tem itself therefore requires little maintenance. System
enhancements are developed by a small, coordinated group.

° Size--The effective size of GMAS is limited onlv by
the size of the user's utility library. The user can do his
library work on timesharing option (TSO) and make background

runs to test his utilities.

° Flexibility--Under control of the automatic se-
quence, GMAS can perform a number of tasks (utilities),
transferring information from one task to another. These
tasks can be arranged in different orders, and sequences of
tasks can be performed until certain conditions are met. In

large, hard-ccded, inflexible systems, software work must 2e




done for each described arrangement. In smaller, more flex-
ible systems, the user is often forced to transfer informa-

tion manually, which may be detrimental to efficiency and
accuracy.

[
]
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SECTION 2 - SAMPLE GMAS DECK

GMAS can pe run on the IBM S/360 computer with a deck of
caras (patch mode). Figure 2-1 shows a deck of Hollerith
cards that can be used to simulate a satellite orbit with
GMAS. Each Hollerith card has 80 columns. These cards can
be typed (punched) on a keypunch.

Section 2.1 states Problem 1, a mission analysis problem.
Section 2.2 describes the card deck that can be used to
solve this problem. Section 2.3 provides examples of the
printouts resulting from the use of this deck.

2.1 PROBLEM 1
Given the following, propagate the orbit of a satellite for

1l day ana print out the default information, which includes
the Keplerian and Cartesian coordinates:l

Epoch: - July 29, 1980; 07:09:58.4 Greenwich
mean time (GMT)
Elements: Cartesian:
x = 7000.0 kilometers
y = 200.0 kilometers
z = 300.0 kilometers
X = 0.0 kilometers per second
v = 3.3 kilometers per second
z = 8.0 kilometers per second
Coordinate system True Earth equator and equinox of
of input: date
Propagator: Fixed-step Cowell (step size =

100 seconds)

Force model: 4-by-4 Earth field, no drag or solar
radiation pressure, effects of Moon
and Sun included (default)

lpefault output is called level 2 output. Table C-1d of
the User's Guide provides a complete description of level 2
output.




/////
s

///EOF

///ORSIT

/// SEND

STPVAL=86400.,

[STOP=1,

H=100.,

PROPM="'COWELL"',

0.,3.3,8.0,

7000.,200.,300.,

ELEM=800729.,070958. 4,

[ELEM=1],

NN NN NN N N

/// SORBIN

ORBINP

/// EGMASEX SEQNAM='CARDS', TBATCH=1,EEND

/// SCONTRL [FTUBE=50, [FTABLE=49,IFTPRT=9, 8END

////GO.DATAS DD
y

///’// EXEC GMAS,REGION.GO=376K

//’//“FORMAT PU, DDONAME=, DEST=ANYLOCAL

//’//“FORMAT PR, DDNAME=, DEST=ANYLOCAL

/////ZBNAMAAA JOB (HQ7712345L,M,HU0592,H00001),95.FFF

Figure 2-~1. Sample GMAS Deck

2-2
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<.< CARD DECK FUR PROBLEM 1

Tne deck of cards illustrated in Fiqure 2-1 can be used ro
solve Problem 1. This deck includes 25 cards: 5 initial
job control language (JCL) cards, 18 GMAS input cards, and

2 final JCL caras. Each of these cards, numbered in text
ana in Figure 2-1 for convenience, is discussed pelow. In
thnls aiscussion, the underlined portions of tne card formats
represent areas tnat may be changed ftrom run to run at the
user's aiscretion.

<.2.1 INITIAL JCL CARDS

flrst, the user must provide some cards tnat give the com-
puter the information it needs tc run his job. Cards thac
glve tne computer this information are called JCL cards.
Arl JCL caras contain slashes (//) in their first two
columns.

Each of the five initial JCL cards 1s described below.

® Card 1--The first card in the deck is called a JCB

cara. Its format is as follows:

col. 1
¥
’/ZBNAM&&A JOB (HG77123245L,M,H40592,U408881),25.°rF
N W\’\N ~—— o~
user Jjob accounting time output
ID 1ID information limits hox

ZBNAM 1s tne user's identification (ID). This tells tne
computer wno i1s running cthis job. If the user coes not have

an I, ne must agply tor one.

AAA 13 tne‘job ID. Tne user may use any three latcers and/
Or numbers in taese columns. (Tne user ID anc tns job ID
appear at tne top ol tnhe first page of computsr printout
tnat resulcts from the ccomputer run (see Section 2.3). IE
ine Jser 1S maxing several runs, he can identify ctrem

GuiCxliy and easily bdv cr.oosing appropriate jor iDs.

[ 3]
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JUB tells tne computer tnat tnis cara is a JOB card.

HQ7712345L,M,H40592 is accounting intformation. These num-
bers are supplied to the user and remain constant unless

some authorization cnange occurs.

HOOOOLl specifies the time limits for the run. Computer time
falls into two categories: central processing unit (CPU)
and input/output (I/O). CPU time is the amount of time the
computer spends processing the information it receives. I,/0
time is the amount of time the computer spends collecting
and dispersing this information and printing out the re-
sults. 1In this example, the user has allowed a maximum of
1/2 minute (HOO) of CPU time and 1 minute (00l) of I/0

time. If the program being run exceeds eitnher of these
limits, the computer will not complete the joo, and the user
willl get tne run back only partially completed with an error
message. The easiest way for the user to determine what
numoers snould go in this area is to look at the bottom of
the last job summary printout page of a similar run, wnere
summary of tne CPU and I/O time used is provided (see Fig-

fu

ure 2-2). The user shoula keep in mind that the computer
gives shorter jobs priority over longer jobs. Therefore, it

P s a- s A o a oo - - e —- i - 2
15 unwlise L[O0 a usSer L0 specC U

= ~e *r I P S _ e
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Ci )
example, 005005 if the job can be run in less than 00

— O
o
o
—

95.FFF specifies the box in which the computer staff is to
put the run printout.

More detailed information on the format of the JOB card can

oe rtound in Reference 6.

° Cards 2 and 3--The two JCL cards following the JOB
card tell the computer on which device(s) it is to generate
the orinted and/or punched output. These two cards should
be 1ncluded in the deck if the output from the run is co pe




IEF2371 432 ALLOCATED TO F£T17F 001
EF 2371 243 ALLOCATED TQO Fri8F001
EF2371 489 ALLOCATED T0O ET19€8001
EF2371 338 ALLQCATED TO FT20F 001
EF2371 33s ALLOCATED TQ FT21#001
TEF237E 333 ALLOCATED TO PFT22F00°
EF2371 243 ALLOCATED YO FY26F 001
EF 2371 &8 ALLOQCATED YO PFT29F#Q01
EF 2371 333 ALLOCATED YO *Y30P001
EF 2371 as€ ALLOCATED TO FTIBPR001L
EF2371 A89 AMLLOCATED TO #T49F001
EF2371 333 ALLGOCATED VO GESSMSG

Er237t 782 ALLOCATED SYSPRINT
EC1301 *YS0F001 OD Sf‘TENEN' MUSSING
IEF1421 ~ STEP wAS EXECUTED - CONC CODE 0000

1EF 205t GJMAS.GOLOAD KEPT DONAMERSTER I8 -} ) ExXCPS
1EF 2881 VOL. SER NOS= CISKL7.
IEF 285t GJIMAS.GO.LOAD KEPT DONAMESSTEPL (B ~2 3 EXCPS
1Er 288 VOL SER NOS» OISK17,.
1gr 288 GIMASUTILITYOATA xEPT OONAME=FY O1F 001 18 EXCRS
1er 288 VOL SER NOSs CISKOS,
1£r 288 SYSS81008.TL71129.RVA01 + ZBNAMAAA (EXECK (L& DELETED VONAME=FY J2F Q0 t 4 EXCPS
IEF 2088 VOt. SER NOSs 3SCROO1L.
IEF28S SYS81008.T171125.RV001« IBNAMAAA « WORK DELETED OONAMESET 03F 701t 5 EXCPS
1EF 208 VOL SER NOS= SCROOt.
IEF 2881 GJUMASAUTOSEQ.DATA . KEPY OONAME=ET 04F 001 o EXACPS
1er 2881t vVOL SER NOS= O1SK17.
1EF 28518 SYS81008.T17112%.AV001's IBNAMAAA «ASPI0OOL NELE TED OONAME=FT 05F 001 4 EXCPS
jem28s VEL 3SEZR NOS= Ci2daA.
1ErF 288t SYS81008.T171128.RV0Q1.« IONAMAAA « ASPOACO) DELETED DONAMERAT Q6F 00t 9 EXCPS
izr2a%] VOL SER NOSs ASP760.
IEF2a8]) SYSS1008.T171125.AV001 .+ IBNAMAAA « DISAL AY OELETED DUNAME=FT O0BF 001 ) EXCPS
1ErF 2881 VOL SER NOS= SCROO1.
IEF2831 SYS81008.TL71125.AV001) . >BNAMAAA « ASROA002 OELETED DONANMESEY 0% 00§ 20 €EXCPS
1Er 2681 VOL SER NOS= ASPT761.
1Er 2881 GJMAS OYNAMICS.DATA KEPT OONAMESPEY {OF 001 18 EXCPS
1er26s1 VOL SER NOSa DISK09.
1Er 2881 svseloon.r|r||zs.nvoo|. ZBNAMAAA o OYN DELETED ODNAME=FT 1 1F OO 2 ExCPS
1Er 288 VYOL SER NOS= SCR
{Em28S onsxt.atos.SLpt9-o.oarn REPT DONAME=ET 14F0Q1 3 ExCPS
1EF 283 VOL SER NOS= O[ISKDO.
1EF 208 ORBIT.GTOS.JACCHIALOATA . REPT OONAME=ET |SFOO1L 0 EXCPS
IEF 288 VOL SER NOSs QISK19,.
IEF 2051 GJlAs.zannsa.nArn XEPT DONAME=FT { 7F 001 0 EXCRPS
LEF 288 VoL SER NOS® CISKO2.
IEF28S¢ SYSO!OOO-?I7I!25.&VO°I.ZBNAHAAA-CUHN OELETED OONAME=FT L 8F 001 I ExXCPS
1EF 283 VOL SER NOQSs SCROOS.
1EF 2853 GJIMAS (NEWS.OATA KEPT ODNAME=FT 1 9F 001 2 ExXCPS
IEF 26893 vOL SER NOS= 0ISK
LEF 288 ORS!Y.GYDS.EAHYN’LO.DA?A KEPT OONAME=FT 20F00 1 0 ExXCPS
LEF 28S VOL SER ~NOS= 0OISK1Q
IEF 23S ORA1T.GTOS.LUNARFLD.OATA XEPT OONAME=FT21F 001 0 ExCPS
(Er2asy VOL SER NOSs 0O13X19,
1EF 26881 ORRIT.GTOS<ATHQOSOEN.DATA XEPT DONAME=RT 22F 001 o ExCPS
IEP 2851 vOt. SER NOS= O013K19.
ter2a8s1 SV!BIOOG.TI7IIZS-RVOOI.ZBNAHAAA.ﬂoOooJJJ DELETED DONAMESFT 26F 001 J EXCPS
IEF 28] VOL SER NOSs SCROOt.
1€F 2891 GJMAS.STATIONL.OATA KEPT ODUNANE=PET 29F 001 0 EXCPS
IEF 283t vOoL SER NOS= 01SK17,
IEF 2881 ORBIT.GTDS.D24H0URLOATA xEpT DONAME=ST 30F 001 3 ExcPs
1EF 283t VOL SER NOS® OLSK19.
IEF 2881 ORBITGTDS.T INCOF .OATA XERPT OONAME=FY 38F 001 4 EXCPS
IEF 2881 VOL SER NOS= 01 SKDO.
1EF28s1 GJMAS .NONRES ,DATA KEPY DONAME=FY 49F 001 A EXCPS
IEF28S| vOL SEQ? NOS= 0ISKX09.
1€E” 2831 ATTIT SGESSMSG.ODATA REPT OONAMERGE SSMSE ~§ s EXCPS
IEF28S8¢ VaL SER NOS® 0OISKS2.
1EF 2eS1 GJVAS .GMASMSG.O0ATA REPT OONAMERGESSMSG -2 J EXCPS
1EF28St VOL SER NOS= CIsSK02. .
CHARGE Tiwe CPy=m 00.070 MIN  [/0meen0,180 MIN
/0 TIWE IN SEC, ORUMm 0. ISK=eaeeg,50 CELL-O--Oo.oo TAPER$6200.00 GRAF2¢2480.30 ASPusesen.as9
170 COUNTS TOYAL-EICPSOOO LB} ] -0 --o-oooo CAROS=000900
REGION START=iSaex [RTOF: JYTER— WA n’Hq-Ebn . PERCENT~USED=09 §
IBK AP AAAZ GO STEPROOt PGNm START= (1-~08-081/17.35.33 STOP=OL~08~81/17.38.23

CHARGE TiIwe

LN ]
1/0 TIM€ IN SEC. LLRS8880,00 TAPE=S2480.00 GRAF288880.00 ASPRees)I).49

1/0 CQUNTS TOfAL-!ICDSao-o-st 'KSC—DEVICEs-tooacou
ZaNAMAAL ROR®=J CLASS®A PATY0S STARYT=01-08-81/17.35.33 STOP=01-08~-¢1/17.36.23
tes NASA/GSEC 360/9%8 GI SYSTEMRUVT-21,8 FOR FROBLEM ASSISTANCE., CALL PaC ON Jee—
AMDS09 JOB 2648 ( ZBNAMAAA ) [N BREAKDOWN ¢ 3Jee—o700

Figure 2-2. Computer-Printed Job Summarv
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directed to the center tacility for printing. The formats
of these cards are as follows:

col. 1
¥

//*FORMAT PR,DDNAME=,DEST=ANYLOCAL
//*FORMAT PU,DDNAME=, DEST=ANYLOCAL

) Card 4--The next JCL card tells the computer to run
GMAS. The format of this card is as follows: '

col. 1
Y

// EXEC GMAS,REGION.GO=376K
* 4

one blank space
REGION.GO tells the computer how much memorv space (core) it
will need to run GMAS. Since GMAS is flexible in this re-
gard, it is helpful for the user to know the size of region
required to run his application. 1If the user's application
requires a larger region than he specifies on this card, the
computer will not run the job. Most GMAS applications run
in less than 400K bytes of core. To propagate a satellite
orbit with a Cowell propagator requires only 376K bvtes of
core. The user must try to be accurate in estimating the
core requirement. For the GMAS beginner, fixing the region
at 376K is safe. A more experienced user, nhowever, will
vary the region size depending on his application. 1If
REGION.GO is omitted, the GMAS default r2gion of 400K 1is
used. The easiest way for the user to determine the core
size necessary for his particular run is to look at the cot-
tom.of the last job summary printout page of a similar ran,
where the core size used during the run is provided (see
Figure 2-2).

° Card 5--The next JCL card introduces the GMAS input
cards. 1Its format is as followz:
col. 1 one blank svace

¥ Y ¥
/. SO.DATAS DD *



Tne format of tnis card always remains the same.

2.2.2 GMAS INPUT CARDS

The GMAS inpdt cards in this decx include 2 NAMELIST cards
ana 16 automatic sequence cards.

2.2.2.1 NAMELIST Cards

Tne ﬁlrst two GMAS inout cards (cards 6 and 7 of thnis deck)
are used for controlling the execution of GMAS. The 2x-
Perienced user can vary these cards, called NAMELIST cards,
to make use of certain GMAS capabilities. (These capabili-
ties are discussed in subsequent sections.) For the basic
operation of GMAS using a card deck, tne user will not neea
to modiry tne two NAMELIST cards, wnose formats are as fol-
lows:

col. 2
2 4

&CONTRL IFLTUBE=50, IFTABL=49, IFTPRT=Y, sEND
SGMASEX SEQNAM='CARDS', [BATCH=1, &END

2.4.2.2 Automatic Sequence Cards

Tne 1o automatic sequence cards (cards 8 through 23 of this
deck) are as follows:

) Cards 8 and Y9--The first two cards of the automatic
sequence each begin in column 1. The first (card 8) :tells
GMAS to use the general-purpose driver, DRIVELl; the second
(card 9) selects the profile controller, PRFCON, to contrcl
GMAS processing. All automatic sequences excest tnose used
for targeting or Monte Carlo error analysis start with these

two caras, whose formats are as rC£ollows:

col. 1

Y

DRIVEL

PRFCON

) cara lu--Tne next C.:i, -..:n S=2_:2tS Tae Oorbit in-
put processor (ORBINP;, ocegl s ir . .Jdmp . DRz 1,2 must De
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used to enter information for an orbit propagation. The
ORBINP card format is as follows:

col. 1

v
ORBINP

° Cara 1ll--The next card, called the &ORBIN card,
must follow tne URBINP cara and must begin in column 2.
Tnils cara 1incroauces a series of caras specifying input var-
lables ana tneir values. 1Its format is as follows:

col. 2

¥

&ORBIN

° Caras 12 through 20--The next nine cards in this
deck contain input variables and their values, segarated ov
commas. Appendix C of the User's Guide provides a complete
list of the &ORBIN variables, their default values, and
their definitions. The input deck only needs to include
cards containing those variables whose values the user
wisnes to change} In this example (see Section 2.1), the

user nas set the following input variables and values:

Variable/Value Explanation

IELEM=], A value of 1 for variable IELEM
indicates that the epoch ele-
ments are Cartesian

ICORD=2, A value of 2 for variable ICORD
inaicates thnat the coordinate
system 1s true Earth equator and
equinox of date

ELEM=800729.,070958.4, ELEM is an eight-element arrav.
7060.,200.,300., The first two positions contain
0.,3.3,8.0, the packed year, montn, day zad

hour, minute, second o =2pocn in
the form YYMMDD.,HHMMSS.S; when
IELEM=1, tne next six positions
contain the positi’an and veloc-
ity of the satellite at the
specitied epczh and in the
coordinate svstem specifiad o
variable ICORD

2-3




‘Variaole,/Value Exolanation

FruUPM="'COWELL"', This specitfies that cnhe Cowell
propagator 1s to be used to
propagate the orhit

H=100., This specifies that the step
size of the propagator is
100 seconds

IsTop=1, A value of 1 for variable ISTOP
indicates tnat propagation i3 ton
stop wnen a specified time is
reached

STPVAL=86400., Tnis specifies tnat propagation
is to stop at 86,400.0 seconds
(1 day) from epoch time
) card 21--The &END card, whicn signifies tne end of
the orovic inpuc inlormatilon, must tollow tne Lust Laput var-
lapble cara. Tnhe &EnD card must begin in column 2. Its for-
mat is as follows:

col. 2
v

&END
o Card 22--The next card, the ORBIT card, tells GMAS
Lo prcpagate an orbit using the information given under

ORBINP ana cthe default information. This card must oegin in

Column L. Tts {vrmat 1s as L[ollows:
col. 1
v
ORBIT
® card 23--The last card of the automatic seJuence is

e
tne end-of-file (EOF) card. All automatic seqguenc=s qusc
ena witn tnis card. This card must begin in columr~ .. Itz
format is as follows:

col. 1

v

Ol




2.2.3 FINAL JCL CARDS

Two rinal JCL cards follow the GMAS input cards. These two
cards are as follows:

° Cara 24--The /* card indicates to tae computer thne
ena orf tne GMAS input cards. Its use is optional. Wnen
used, tne card must begin in column 1. Its format is as
tollows:

col. 1

v

/*

Y Cara <45--Tne last card of the deck, tne // cara,

indicates to the computer the end of the user's job. This
card 1is used to separate one user's joo from another as tohev
are read 1n with a card reader. All decks of cards subd-
mittea to the computer must start with a JOB card and end
with a // card. The // card is usually flipped over before
1t 15 punched. This helps the person operating the card
reaaer to distinguish between jobs.

2.3 RESULTING PRINTOUTS

Figures 2-3 through 2-9 show some of the computer orintoucts
resulting from use of the deck shown in Figure 2-1.

Figure 2-3 snows tne first page of computer printout. The
oold letters on tnis printout specify the user and run IDs.

Figure 2-4 snows three pages of messages from the computer.
The JCL 1npuct is printed on these pages along with a collec-
tion Oor sSystem lnformation tnat can be ignored by tne com-
puter novice. The computer usage summary located at the
pottom ot the last page of Figure 2-4 speciries tne CPU ana
I/0 time used by the run. In tais example, the run raguired
0.070 minute of CPU time and 0.130 minute of I/0 time.

These times are important in :2::rmining =he ctime limita-

t1l0ons tO C< ent2areda on tne Jo= tard Zor Zuatur2 ruans.
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ISve0 JOB CﬂlGlN FQON uEOUﬂSCSC
LT3INARAL 23 -, M, e lE

/7% FORMATY ﬂﬂ-DONAMEivDESTI

/70 FORMAT PU,DNNAMEZ OESTRANYLOC AL

77 EXEC GMASHEGIUNL.GO=3I75K

//GODATAS DD o

/%

/77

LOCATE® l264HAGIMAS.GULLLAD

AL 26430E001/70(1SK173034

LICATE® 2648GJUMAS.50.LLAD

AL 26480ENNL/DISKLIT72004

LOCATE® 2643GJ0MASJUTILITY CATA

AL 26480E 001 /N1 SK 352004

LOCATE® 264HGJMAS.AUTOSEQ.OATA

AL 264808001 /01SK( 70004

LOCATE® 264AGJIMASDYNANMICSDATA

AL 26480E00! 70{$KJ90004a

LOCATE® 26490RALI T 5TDS.5LP1IVS0.0ATA
AL 26480L£001/701SKN000) S

LOCATE®* 26480RARIT.GTDS.JACCHIALDATA
AL 26480€ 001 /D1 5K1 90004

LOCATE?! 264AGIMASERRMSG.DATA

AL 26480E001/01SK020004

LOCATE® 2J643GUMAS.NEWS.DATA

AL 264402001 /0(5X 090003

LOCATE® D8430RHIT.uTOSFARTHFLDLDATA
AL 26440E971 /01 K199

LUCATE® 2AGHMORBLIT.uTD5.LUNAKFLD JOATA
AL 20480EN01/01SK 1200048

LGCATE® 264A0ROIT.GTDSATUCSOENJOATS
AL 26430ENOL/0ISK190004

LOCATE® 2644GJMAS.STATIONLOATA

AL 2643IEINDLI/01SKITQ004

LOCATE®' 26430MBIT.GTDS«024*0URCATA
AL 26480E 001 /D1 SK 190004

LJICATE® 2€430RAIT.GTOSTINCCF.ODATA
AL 2648NE0Q1/N1SKD0000S

LOCATE® 2648GIMAGT NONHES.DATA

AL 2444080101 /015K1790004

LOCATVE® 284AATT( T, GESSMSGLDATA

AL 26A430EMY1 /NI SKS2I0N

LOCATE® 284AGIMAS.UMASNIGLCATA

AL 26490E001/N1SK020004

AMD SOl JOB 2648 (Z8NAMAAA) IN SETUP ON MAIN=GL

AMO 502 STEPLI(3 JBNAMAAL  USING D @ DISK17 UN oSE
FTOLFOO0L 28NAMAAA USING O @ DISX0S GN 355
FY10FQ01 2ENAMAAA USING D & DISKOY AN 459
FT14F2)1  I8NAMALA  USING 0 ¢ OISKDI ON ASE
FYI1SFI01 I8NAMAAA USING D # DISX1I9 ON 33%
FT175301 I8NAMAAA USING O ® DJI(SK02 CN 452
nESS*SG IBNAMAAA  USING D & DISKS2 On 332]

“ IEFA031 I8NAMAAA STARTED TIME= 17,3538

IFF23a4€ D 761 ,A3P761

I3MAMAAA TEC202E K 7SF.01268A.NL,s JBNAMAAA L, GO
I3NAMARY  IEF 404l I8MAMAAA  ENDED
77 IBNAMAAA JOB (GJOO21311T,.7,G00405,001001) .9
// ZAEC GMAS,REGICN.GO=378«
XXGMAS PROC
XXGO EXEC POGM3GMAS .,REGICN=4JOK

XXSTFPLIA NN OSNRGIMAS.GO.LAM ,01SPSSHROCPeHUFNO= |

xx 00 OSNWGIMAS.GCALUAD (I I 9P 4HRNCHeNUFNOS)
XFTOIF00T 2V UISHwSMH, CCNumyUsENGey,

TIME= |7, 26423
S« FFFs MSGLEVEL =]

CEVICE=GSFCSROI,

*02 |ECASPO 760 (S 'BNAMAIA A GQ FYOAFQO 1
'D? IECASP) YSF {s L Ga A5P (0301

Zlases ] A SO FTISF330
‘02 I&ECASPO TSF s INMFAAA [s] ASP10Q00]

JEFAULT VATA #iLL

xx OSNaGIMAS ., UTILITY.OATA
XXETO2F 001
AN

xx
AXFTQ3#001
xXx

XX
XXFY0&arFQO1
xx

XXFTOSFQO1L
XXFTHGF 01

Figure

0e2

00 DISPu(NEW.DELETE) s UPOATED AUTO SEGUENCE STATENENTS

JCB=(IECHM=PBS LRECL %64 +BLKSL ZEnJASO.dUFNmL ),

SPACES(TRU+(2¢1)) s OSNSCEXECPILEUNITROISK
0D 01SP3{NEw . OELETE) , SCRATCH/WCRK ING FILE
OSNSEWORK JUNTIT30{SKSPACER(TAK (2,1)).
VCB=(AECFHURFERS LRECL 564 s NLKSI ZEwJasS a6, BUFNN=ET )
20 DI32e3HR, AUTOMAT IC SEQUENCE F ILFE
OSNEGJMAS,AUTCSEQLDAYT AL IC3=OUFNUS |
DD OONAME=OATAS DATA CARD INPUT
NO SYSOUT=A, PRINTER QUTPUT

2-4. Messages rrcm the Comcuter
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00373610
30000700



nx
XRXG0.PT00700 (
nn

OCHm(AGCP MuvEA LAECLE 137, 8LKSIZEn 1922 .OUF Nl )
00 OLIPm({ NEW.O8LETE). SCRATCH FOA TARGETING O(SM.AYS

OCBa(AGCAMarNg L AGCLe 72 0LA B IE= 3486 . BUP NG ) o
OBNuCLOISPLAY JUNITwO LK, SPACE N (CYL . (2. 2) )

%
NP TOO®Q3t 00
2%

::"IO'OQI o0
::"l "%t 00
XXF 7127001 00
xR

x

XXFY1Ir001 00
xx

xx

XXFT14F00) DO
uwn sFget 00
XXFTI8P001 DO
XXPT17PgO0t 00
XXFTiLe®0OL 00
xX

XX

XXFYieF001 00
X

l!"':”ﬂﬂ Tt oo
»

X:F T217001 0O
A

XAPT22F001 OO
A

’
XXFTIIP00L 00
xx
Ax
XXFY2eF00t 00
xx
xx
XXFT25#00L 00
XX
xx
x2PFT20/001L 00
xx
xx
XXFTZ27P00t 0O
xx
xx
XxXFT28#30t 00
x

i
XXPF T29F04t¢ 00
xR
::’?30'00 t oo
XFTISF00L 00
xx

XXFTA9#00L 00 OlsP
an

XXGEgSSHaG 0O
xn

$VI0UTeA, GUSS ma(nTRA QUTBUT

OCH(RECF NaVEALAEQL®] IT,8LXSIZEs 1922 ., 8UFNGS L )

O (SPesHn, OYNAMICS SlLE
OSNEGINAS .OVMANIC S OATA.QCEwEUPNGS L

TI3Pu( 08 478) o UPOATED OYNANICS FILE (CPYIONAL)
DMDVNounlY-tJl‘.“lCl-(ﬂlthl.DCD-Ol.'No-I

OuUMnyY, TAML GREIT FILE wiTHOUT PARTIALS
UNE TEOTRACK « DCHBu( AGCENSYS L AECL o1 096+ BLXS [ 2E=1100.
BUANOSL ) JLABELS (. 8LP )0 (3AuSHA

oumaY, TARE QRBIT FILE WITH PARTIALS
UNITOTRACK « 0CBS( RECPH2YS LAECL 26664 +8LKS(2€50608 .
BUENG®| ) « LABELS (, 8LP),0(SPusShA

O (sPpasin, SOLAR/LUNAR/PLANETARY EPNEMERIS FILE
OSNSORBI T .GTOS5LP 1930 .0ATA . OCBEUS AOm |

- 35 Lo » JACCHIA ACBEARTS ATHNOSPWERIC FILE
OSNSORGI T GTOSaJACCHIALOATA L OCBNEUP AO=

oyumny ERAOR RESZAGE OATA SEY #FOR SCOPE

D (SAUSHR ., OINBGCIMAS ENNNIS .0AT Ao OCBmAUF IO t

O (3Pu( NEVY ,OCLATE) & CURRENT AUTO 38Q FILE
OSNEBCCURR ,UNITROT 3K o SPACKS TAK (201 )) o
OCA(AECP Hur 3 LALCLRG4,8LKT [ ZENI 436 SUFNOw] )

Otspusua, GMAS SYSTEM NEWS FilLE
OSMRGIMAS L NEVSOAT AL DCRRBUFNGE {

D (SPusSHR, CARYP POTENTIAL FIELO

CENSCRSI T oG TUSRARTIFLDOAT A OCEROUEADS {

QISPeIN . LUNAR POTENT (AL F IO

OSNSOASI T.GTOS . LUNAREL D, DATA ,OCHnC " NOw 1

O (SPenr, ATMOSPHERIC OENSITY -FiLE

OSNEORSI T .GTOS.ATHOSOEN.DAT A, OCB® OUF NO= t

ounmy, COMPARE 3G QRBIT FILE 2., W/0 PARTY
uni r«rlncn.oco—(ua'n-vs.a.nlu.-lou.ousul-uoo'
BUFNO®L) o LABELS( «BLP) 0| SPuINA

oymMMY . CONPARE SEG ORGIT FILE 2. W(TH SAR
UNITEITRACK . OCOR ( RECPFINY S L AECL26004,8LXSIZ2E26668 ¢
BUPENOS1) ¢ LABEL®( . 8LP) .01 SPuSHA .

QuMmY, OISK ORBLIY FILE wWiTHOUT PAATIALS
UNITROISK . OCRuCAECH NS (ALKS ] 2801092 s OSORG=0A . BUFNOR L) o
SPACE=R(C YL 4)

UNITSOESK, OUSK ORBLY FILE C(TH SPARTIALS
OCAS(RECF I (8L XS [ ZE=6660 « DS0RGE0 A BUPNT® | ) o
SPACHS(CYL.12)

oumMNY . CONPARE OA CREIT FILE 2, WG PAATIA
UNLTE0ESK ¢ OCBa{RECHF NP ,5LKS T 2801092 +0 $0RGe0A+ BUFNGS L)
SPACEm(CYL,.2)

OUMNNY, COMPARE DA QRBIT FILE 2. wiTH PARY
unn-onu.oca-(n(:!nﬂ.ouslu-.ono.osmc-m.wruo-n.
SPACE=(CYL. 1)

Disrasim, SHORT STATION FILE
OSMRGINAS.STATIONGD ATA ,0CBR8UFNGS |

O tSPuSHN, 20=M0UR HQLD FILE

OSNMORBL T oGT0S.024MOUR 0ATA o BCBuEUS NO® |

0 1SPuSHR, TIng CONVERSION COEFFICIENTS FILE
OSNEQREBIT . GTUS T INCOR QAT AL OCHRBUANOS |

1SPuSHR STORR

. 0 GESS O1SSL AYS (ST INNal )
OSARGINA S . NONAES.DATA

OisPasn, QESS -~R33AGHS
OSNATTIT.GRISMEA.0ATA LOCHBRAUPNO® |

XX 00 DI3PeINROINNGINAS, GNAINSG.OATA,OCBuQUINGSL ANAS-nEIZACKS

XXSIVYIARINY OO
/730.0ATAS 00
/7 OSN=CL ASPLO
5: SUFND= L )

1EF2381 ALLOC,
488

IEF237L 338

SYSQUTEA L OCHR(ARCPF VA AL AECLS1 17 ,0LKS [ ZE= 981, BUFNGm| )
UNLTR(CTC..08PER) < 013Pw(0LD 0OCLETE) .

GOl VOLAIEANO0 12648 .0CH0(RRLrYor B  LAECLE080.8LKSIZEw2000, &

FOR IBMAMAAA GO
ALLOCATED TO STEMLID

ALLOCATED YO FPTOLFQOL
ALLOCATED TQ FTQ2FQO1L
ALLOCATED TO FTA3F004
ALLOCATED TQ #T04F001
ALLOCATED TQ FYOSFOOL
ALLOCATED YO FYOoer0ol
ALLOCATED TQ APY3A#001
ALLOCATED YO ETYN9E Q0L
ALLOCATED TO #T10FQO1L
ALLOCATED TQ FT11F001
ALLOCATED TQ #Tlaroot
ALLOCATED TQ FT1SF00L

90001700
90001800
00a01900
00002000
00002190

30093800
20003900
300944000
00006100
00004200
900494300
00004400
00004500
Q00044800
0000e700

00006100
00006200
00004300
300064400
040006300
00008600
Q0006700
gagoeago
800068900

90047300

AnAAYana

200073400
000g7e00
aQaarraoo
00007800
90067900

ASPGEN
ASPGEN

Figure 2-4. Messages From the Computer (2 of 3)
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[€F 237t 432 ALLOCATED TQ FYL7P000
1P 237L 243 ALLOCATED 7O FTigm001L
aAF2371 489 AMLLQCATED TQ AYi9m00|
aF237t 333 AMALOCATED TC PY20#001
€F2371 338 ALLOCATED YO PFT21P001L
2371 333 ALLOQCATEO TQ PTY227001
EP237L 2643 AMLLOCATED TO FY26P Q0L
EP237L o8O0 ALLQCATYED YO FT29#0012
€237 339 ALLOCATED TO FT30F00!L
P 2371 eSE ALLGCATED TO PTYISFP001
EP2I7L A8 ALLOCATED YO Preeeoaql
"2y 333 ALLOCATED TG GESSNIG
EF23ITL 482 QCATED TO
I7L 762 ALLCCA T0 _SYsem mv
EC130L FPYSOF0QL ON STATEMENT N{ 33N
IEF 1428 - STEP wAS EXECUTED - CONC cooc 1] ]
GIMAS.C0.L0A0 [1:44 OONANEsSTEM 10 -\ 0 ExCps
VOL SER NOSa CISKLT.
GCJIMAS «G0.1.0A0 =g, OONANME=STEM (8 -2 9 ExcrPs
vOL SER NOSe OLSR17.
GCIMASJUTILITYO0ATA gPrY OONAME=S~T QL0001 19 Exces
vou NgSes CISKXOS.
Sv381008.T1 ‘HIZS.IVOQI. IBNAMAAA . EXECH 1L 8 oaLaTRo O0NAME=rT 25 00 L 4 EXCPS
YOL SER ~NOSes SCROO
SYS810068. 7178 l:s.avoon. ZONAMAAA o WORR oA eTed DONANESFT 3IF Qa1 4 ExCPS
voL SER NOSa KO0 .
GJAAS.AUVOSI0.0A'A LY 7 44 OONANE=SAT AP 00} QO excCrs
vOL SER ~nOSe OL3SKXL7,
s;zuoon;;nn lz:;n:oor. IBNAMAAA < ASP 1000 oaLtven OONANE=ST 03/ 001 4 Excps
a8,
SYS810008. TI71129.AVO0 T« IBNANAAA « ASPQAQOL oeL&veo OONANE=ST 00F 001 $ ExCps
vOL SER NOSs ASP 740,
SYS81008.T171 123.,AV001 o IBNAMAAA o OLIM AY oa.eTen QONANESFT 387 001 1 Exces
SER NOSs SCAOOL.
SYS81006.T171125.AV001 « IENANAAA o ASPOAQOO2 oeLETED OCAAREsFAT QO 00} 20 ExCps
VOL SFR NOSs ASPTeL.
GJIMASOYNAMICS.0ATA (¥ {24 OONANE=FT (0P 00T (8 ExCPs
VoL SER ~NOSa OLSKOS.
s;:.;ool;;;ﬂ ll:alrﬂdlo IBMAMAAA « OYN oa.grTeEd OCnAME=FT 1 1F 001 9 ExCcPs
Oislziclbigl.l::‘gsOAtl zgey OONAMERSET 48341 3 ExCPs
(1
OROIT.GTOS.JACCHTALOATA grT CONANG=SY 13F 001 o Excrs
VOL SER NOSs 0ISK19. .
GJIMAS ERRMSGC . 0ATA xgey OONANgerT L 7F 001 o EXCPS
vOL SER MOSs 013K02.
SYsai1008. l'l'lll!’.lVOOl- IBNAMAAA ., CUAR ouLETED CONANE=FT 1 8F Q01 1 £xCPs
vOL SER mOSs SCRQO
GJIMAS o EWSOATA g,y OONAME=#T 1 9° 001 2 Excrs
VoL SER NOSs DISK09. .
ORSBIT.GCTOSEARTHELDLOATA XEPT OCNAMEar YT 20/ 00} 0 ExCrS
vOL SER NOSs OI(SK19e
OIHIY.G‘I‘OS-LUNM'LDoDA'A xerr OONAME=FT 215001 0 ExCPS
YOL SER ~OSs 0OfsSK?
OIHII'-GTOS.AVIOSOGN.OATA [ 1. 24 OONANE=FT 227 301 o ExCPS
vOoL SER NOS= O[SX19.
svsnooo;;ua;z:.avool. IBNAMAAA <AC000I3I ofL&THD OChANE®ST Z6F 00 1L Q Excps
Een 901
GJMAS.STATIONLOATA g,y QONANE=PY 29000 ¢ o &xCPs
vOL SER NOSs 0ISKLT.
OIOIY-GYDS.OIQWUO;DAI’A [ i 44 OONARE=FT 30M0Q1 o LxCP3
1S 19,
O“l?vGTDS.?IKO'.OAfA e,y OOMNANE=FTISF 001 & gxCPs
vOL SER NOSa 0Ol 3SKOO0.
a.;rus.uomlls.uuu [ { {44 OONANEaFT 49”30t 4 EXCPS
vOL SER NOSs 0ISKO09,
ATTIY GESSMNSG.0ATA LY (2} QONAMEuGE SEINES ~| s ExCPrs
vOL SER nNOSs 01SX32.
GJMAS cGMASMSG.0ATA L3’ 24 OONANE=GESSNSG -2 9 &xCPS
VOL SER NOSs CISKO2.
| 3B 4 cmono.on MEN (/0080 eQ,100 MIN
170 Tin€ (N SEC. 80.806 O(SKn08009,350 CELLPS8300,00 TAPC@e9ee0.00 GRAFEEE090.00 ASPee880.49
ount !OYAL-CXC'SHO“OJQS MISC-0RVICESns0ee o0l CAROS=Q000Q
€S 1aN sTaRT=ISeex nz:-ovu HAX~USEOmQ34en AERCENT-USED=OS
IBK AP AAA/ GO STEPuOGL PGM=GNAS T, MT-(x-chCIIIY-JS..!} STQA=QL~08~01/17,.36.23

soe
AMOSQ® JOB 2448 ( IBNAMAAA ) [N BREAKDOWN

170 TInE in SEC. ORUNRSe80 0,86 DIIXRN9009.50 CELLDG2840.0T TAPEEP0420,00 GRAF220060,.00
TS

CHARGE TIWg CPYBEee0. 070 MIN ([/Gaeeedeif0 MIN
{70 COuN TOTAL~EXCPSncseeells N (SC-04VICRIneennegQ
IBNAMAAA ROA®n, CLASS®™A PATY®00

STARTEO01-0@~-01/17.33.3)

NASA/GIFC 36a/9% &1 SVET EMeneVT=-21.0 FOR PROBLEM ASSISTANCE ., CALL PAC ON Jeo—elee

Figure 2-4., Messages From the Computer (3 of 3)
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USER CARD INPUT FQR

EGMASEX SEQNAM=¢CARDS', IBATCH=1 ,£END

CRIVE1L
FRFCCN
CRBINP
EQORBIN
IELEM=]1,
ICCRD=2,
ELEM380072F vy 70958.4
70006+2006¢3004e0
Qe 3339840,
PRUPM= * CCWELL ",
H=100¢
ISTOP=},
STRVAL=2864004
EEND
CrR8BIT
EQF

Figure 2-5. First Page of

GMAS

Output

THIS RUN
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TS¥PRE DEFINITION OF ABBREVIATIONS ®sssssw

AND
AP

APD
APH

OXeDY,DZ
EA

ECC
EMS

RAM

RAN
RAS

RE
RM
RS

SAE
SAM
SAS
SLR
SMA
SST
SVN

TA
Trse

VAP

VPA
XeVYelZ

(RN N RN NN RN NN NEEN NN NN ]

Houuunud

ASCENDING NODE OQT IN DEG/DAY

ARGUMENY OF PERIFQCUS IN DEG

ARGUMENT OF PERIFQCAL DOT IN DEG/DAY

OSCULATING APOFQCAL GEQOETIC HEIGHT IN KM

APOFQCAL RAODIUS IN KM

VELGOCITY AZIMUTH IN DEG

ENERGY IN KM#»#2/SECse2

?ECBézATION OF VEMICLE WITH RESPECT TC EARTH
N

DECLINATION OF VEHICLE WITH RESPECT

TO MOQON IN DEG

OECLINATION OF VEHICLE wITH RESPECT TO SUN IN DEG

DECLINATYT [ON IN DEG

VELOCITY [N KM/SEC (10

ECCENTRIC ANOMALY [N DEG

ECCENTRICITY

EARTH=-MAON~SUN ANGLE IN DEG

EARTH SUBTENOED ANGLE FROM VEMICLE IN DEG
EARTH=-VEHICLE~MOCN ANGLE IN OEG
EARTH-VEHICLE~SUN ANGLE IN DEG

GEODETIC HEIGHT IN XM

INCL INAY ION IN DEG

LATITUDE IN DEG

LONGI TUDE IN DOEG

MEAN ANOMALY IN DEG

MEAN MOTICN IN DEG/MIN

MOON SUBTENDED ANGLE FROM VEHICLE IN DEG

PERICD IN MIN

QSCULATING PERIFOCAL GEQDETIC HEIGHT IN KM
PERIFOCAL RADIUS IN KM

MAGNITUDE OF POSITICN VECTOR IN KM

RIGHT ASCENSICN IN DEG

RIGHE ASCENSION OF VEHICLE WITH RESPECT TQ EARTH
IN DEG

gégut ASCENSION OF VEHICLE WITH RESPECT TO MOUN IN
REIGHT ASCENSICN OF ASCENDING NOOE IN DEG

RéGHT ASCENS ION OF VEHICLE WITH RESPECT TO SUN IN
DEG

MAGNITUDE OF POSITICN VECTOR OF VEHICLE

WITH RESPECY TO EARTH IN KM

MAGNITUDE OF PQS{TICN VECTOR OF VENICLE wITH RESPECT
TO MOON IN KM

MAGNITUOE OF POSITICN VECTOR OF VEHICLE wWITH RESPECT
TC SuN T wu

SPIN AXIS—EARTH ANGLE IN DEG

SPIN AXIS—-MOON ANGLE IN DEG

SPIN AXIS—=SUN ANGLE I[N DEG

SEMI-LATUS RECTUM IN KM

SEMI-MAJOR AXIS [N KM

SUN SUBTENDEO ANGLE FROM VEHICLE IN DEG
SUN-VEHICLE—QRBIT NORMAL ANGLE IN DEG

{ SUN ANGLE)

TRUE ANOMALY IN DEG

TIME SINCE PERIGEE IN MIN

MAGNI TUDE OF VELOCITY VECTOR [N XM/SEC

VELQOCITY AT APQFQOCUS IN KM/SEC

VELOCITY AT PERIFQCUS [N KM/SEC

VERTICAL FLIGHT PATH ANGLE IN DEG

PASITION IN KM

€% TIME [S IN UTC TIME %ss

-
~
°

( ) OENOTE [PARMS REFERENCE NUMBERS

Pigqure 2-8. List of GMAS Abbr.evsiations
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SIZE=0376K indicates tnat the size of the region allocated
by tt

Yy the computer to run this job was 376K bytes of core. This
was inpuc via the // EXEC GMAS,REGION.GO=376K card (see
Section Z.Z.l).l MAX-USED=344K indicates the actual re-
gion size used to run the job. If a difference of more than
SUK bytes exists pbetween these numbers, the computer will

refuse to continue processing the joo.

Figure 2-5 sunows the first page of GMAS output. This page
lists the user input for tne run.

Figure 2-6 snows tne next page of GMAS output, which is the
GMAS news page. This page contains material that is in-

tenaea to oe lnformative to tnhne user.

Figure 2-7 snows the mergea automatic seguence. The vari-
ables 1naentea unaer &ORBIN are the default orbit input
variables, followed by the user's 1nput. Printed below tae
merged automatlc sequence is some information trom tne orult
input processor. The information on this page can pe OrL use
to the experienced GMAS user, altnough it may seem confusing

to the novice.

[}

-8 11

aramete

Filgure

9]

ts the abbreviations ror the standard GUAS

D

O]

onrnnt
I

r3
"

<

Figure 2-9 snows tne GMAS parameter report. Although all
otner printcut pages are informative, tne primary purgose of
the run 1s tnis parameter report. The paramecer information
generated 1or o cacn Shop Lo ogeparabea oz oantorkn, e
LLlrsc section specities the values ot various parameters sb
zboch. (Figure 2-8 lists the parameter aobreviations and
HLlCs.) 'ne second and final section specibl-s the values
ot tnese parameters 1l day after epoch. Each section cca-

tains the time from epoch and the local t.me.

Core i1s allocatec in even-numperea incraments. Thus
EuION GO=375K res:its in an allocation of 376K bvte

’
3.




The parameter report is followed 2y a numpber of Graphic Ex-
ecutive Support System (GESS) output displays, which are
aiscussed in Section 4 of the User's Guide. These output

alsplays are primarily used for error detection.

N
)
[ )
—




SECTION 3 - USING GMAS TO PROPAGATE A SATELLITE ORBIT

Section 2 of this primer snows how GMAS can be used to prop-
agate a speciric satellite orbit for 1 day (Problem l). In
propagating tnls oroit, tne user specifies tne values of
certaln variables (e.g., tnhe sactellite's initial orbital oa-
rameters, epocn, lengtn of propagation) through card input
wnile using tne internally defaulted values of other vari-
aples. Many more orbit propagation input options are avail-
able tnrougin GMAS than are shown in the Proolem 1 example.
This section discusses the orbit propagation input options

availaole to the user, whicn can be classified into two

o}
il

“
-

categories: {l) propagation control input, discussed
o)

rce model i1input, discussed in S

(D

Section 3.1, and (2) £ c-
ti

on 3.2.

3.1 PROPAGATION CONTROL INPUT

Propagation control input is accomplisned oy means of tae
variable cards entered between tae &ORBIN card and tne &END
card in thne 1nput deck (see Figure 2-1). Tais input can oce
ciassified into five categories: input state, propagator
options, stopping conditions, output options, and general

rlags. Taole C-1 of the User's Guide lists and “efines all

oL tne avairlaple propagation control inpuc variables in
theilr respective categories and specifies tneir default
vaitues. The following secrtions discuss tne u3e OL Tnese
variables, which are presented by cazsgorv. Iz i3 zo de
noted tnat commas must immediacely f-llcw variaci=2 7zlues.
35.1.1 INPUT STATE

3.1.1.1 Variaoi= Description

Variables 1n the input state cate:::y7 include ELE. 1ELEZINM,

ICORD, ICENT, IACORD, SARA, andé 3ZEZC.




ELEM 1is an eight-element array. The first position contains
tne packea year, month, and day (YYMMDD.) of epocn. The
second position contains the packed hour, minute, and second
(HHMMSS.S) of epoch. The positions allowed for each quan-
tity (day, year, anda so forth) must be zero filled, if nec-
essary. For example, if the satellite epoch is 5:13 a.m. on
January 27, 1981, the first two positions in the ELEM arravy
are ELEM=810127.,051300.,. (It should be noted that all
numbers in the ELEM array must contain decimal points.; The
next six positions in the ELEM array contain the state of
the satellite at epoch. Since there are various ways of de-
scribing tne state of the satellite, some clarifications
must be made using variables IELEM, ICORD, and ICENT.

Table C-la of the User's Guide specifies the values of these
varlables.

IELEM specifies the type of the initial state elements. If
the six initial elements are Cartesian elements (x, Y 2,

X,
Y: %), the user sets IELEM=l. Since 1 is the defaul: value
tor IELEM, the user need not include IELEM in his list of
variaoles to be entered between the &ORBIN card and the &END
card in the input deck. If the six initial elements are
Keplerian elements with mean anomaly (a, e, i, %, u», M), the
user sets IELEM=2. Table C-2 of the User's Guide snould be

used to determine the ELEM array for a given IELEM wvalue.

ICORD specifies the coordinate system to which the initial
stace elements are referenced. Satellite elements are
usually given in tne true Earth equator and equinox of da:ze
coordinate system. If this is the case, the user sets
ICORD=2. sSince 2z is the aefault value for ICORD, %“re user
need not include this variable in nis list. If ths initial
state elemencs are given in the mean Earth equator and equl-

nox of 1950.0 system, the user szts ICORD=1l.

g



ICENT identifies tne center of the input element coordinata
system. The Eartn 1s usually the center (origin) of tae
coorainate system to which the elements are referenced. 1If
this is tne case, the user sets ICENT=1 (or omits ICENT from
ais list, since 1 is cthe default value for tnis variable.)
If tne initial element coordinates are centered at Mars, the
user sets ICENT=4. It should be noted tnat varianle ICENT
refers oniy to tne center of the input coordinate system and
not to tne propagation central oboay. The latter is idenci-
fiea by variaple IBODY, whicn is set in the force model in-
put section (see Section 3.2).

IACORD, SARA, AND SDEC identify initial spacecraft attitude
conditions. Table C-la of the User's Guilde specifics the
input values for these variaples. If the user is concerned
only with the satellite orbit, these variables can be
i1gnorea.

3.1.1.2 Example of Variable Use

A brief example of the use of variables ELEM, IZLEM, ICORD,
ana ICENT 1s presented in tne following case, 1n which cne

objective is to propagate a satellite orbit, given tne fol-

Epocn: January 27, 1281; 05:20:060 GHMT
Coordinate system Eartn-centered mean ecliptic anad
OL 1lnput: equinox or 1950.0
Elements: Keplerian:

a = 8000 kilomecers

e = 0.1

1 = 10 aegr=zes

88 = 20 degrees

w = 30 degree:

M = 0 degrees

To enter the necessary information cocrzectly, the user mus-<

use tne following variables and val.zs:

ICORD=3,ICENT=1, IELEM=2,
ELEM=310127.,052000.,




8000.,.1,10.,
20.,30.,0.0,

The following points should be noted:

® IELEM, ICORD, and ICENT are integer variables and
do not have decimal points, whereas ELEM values do.

o The variables in the list following the &ORBIN card
are always followed by commas (even at the end of a

line).
) No line can extend beyond column 64 of the card.
3.1.2 PROPAGATOR QPTIONS

3.1.2.1 Variaole Description

Variables 1n the propagator options category include PROPM,
IPOPT, and H.

PRUPM identifies the propagator to be used. The propagator
name must be in quotes (e.g., PROPM='AVGVOP'). If variable
PROPM 1s omittea from the user's input list, the Cowell
propagator is used by default. '

IPOPT is used in conjunction witn the analytic propagator or
for special element conversion. The use of this variable is

aiscussed in subsequent sections.

H specifies the step size (in seconds) of tne propagator to
be usea. For tne time-reqularized Cowell propagator, H rep-

resents the number of steps per revolution.

3.1.2.2 Example of Variable Use

1To prcpagate an orbit using the time-reqularized Cowell
propagator with 200 steps per revolution, tne user must use
the following variables and values:

PROUPM="'TRCOWL"',
H=200.,



3.1.3 STOPPING CONDITIONS

3.1.3.1 1Introduction

When the propagator acnieves a stopping condition, it prints
out the satellite information specified by variable NOUT
(see Section 3.1.4). Problem 1 (Section 2.l1) includes only
one stopping condition (i.e., 1 day). Therefore, the
printea ouctput from Problem 1 includes oaly tne initial ouc-
put parameter report (which is always included) and the out-~
put parameter report after 1l aay of propagation (see

Figure 2-9). By setting stopping condition variables proop-
erly, 1t 1s possible to retrieve satellite state information
at many selected points during a propagation. Tatle C-lc ot

tne User's Guide describes the stopping condition variables.

Before proceeding in this discussion of stopping conditions,
the distinction between tne terms "stop" and "terminal stop"
must be noted. A "stop" on a condition means that an output
parameter report is generated and the propagator continues
to the next stop. (An output parameter report (se= Fig-

ure 2-9) is generated for each stop.) A "terminal scop”

means that orbit propagation terminates after the parameter

t i
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3.1.3.2 Variable Description ana Examples of Use

Variables in the stopping conditions category include ISTOP,
>TPVAL, ISKIP, IREPT, MULTI, and ITERM.

ISTOP anc STPVAL are l8-element arrays that descripe .2 to
L8 scoppilng conaltions. Taole C-3 of tne User's Guice spec-
ifies tne availaole values of tnese variables. ISTOP con-
tains tne stopping conditicnas, ana STPVAL contains tae
corresponuing values unaec whicn these conditions ar= mat.
For exampre, to stop when :ie distance of the 3zatellic: from
e Zdrtn 15 500 xilome-2-:. and increasing, the usar
[oTwee=_, 3TPVAL=50U.,.

"]
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A more complex example of the use of ISTOP and STPVAL is thne
following case, in which the objective is to stop a satel-

lite at each of the following points:
° Two hours (7200 seconds) after epoch

° When the satellite's distance from Earth is
6000 kilometers and increasina

° First ascending node

° Point of farthest approach from the central body

° When the osculating argument of perigee is 10 de-
grees

To accomplish this, the user must use the following
variables and values:

IsTop=1,3,11,14,27,
STPVAL=7200.,6000.,0.,0.,10.,

The following points should be noted:

° STPVAL values must include decimal points.
e Values are separated by commas and end with a comma.
° Stopping condition 11 does not need a value, so 0.

is used to fill the corresponding STPVAL position.

® The user does not need to fill in all the positions
of the 1l8-element ISTOP and STPVAL arrays. The po-
sitions not included as input are defaulted to 0.

It should also be noted that values in the ISTCP array can-
not have embedded zeros. For example ISTOP=1,2,0,3,4 causes
the system to ignore the underlined stopping conditions and
has the same effect as ISTOP=l, 2.

ISKIP, TREPT, and MULTI are lB8-element arravs that contrih-
ute to the establishment of the desired stooping confiagura-
tion. The best explanation of the use >f these variables iz




an example such as the following case, in which the varia-
bles and values used are

IsTOP=1,

STPVAL=86400.,

ISKIP=3,

IREPT=5,

MULTI=2,
If these variables and values are added to the user's list,
the results are as follows: GMAS stops on time (ISTOP=1l)
every day (STPVAL=86400.); the output parameter report is
skipped three times (ISKIP=3) and then printed five times
(IREPT=5), and this sequence (three skips, five prints) is
repeated two times (MULTI=2). Figure 3-1 illustrates this
configuration using a timeline to show the points at which
output is generated.

The following points should be noted:

° An initial output parameter report is always gener-
ated at epoch (0).

° Propagation terminates at 16 days when all condi-
tions have been met.

The toregolng example uses only one element of the ISTCP
array. Stopping configurations are more interesting when
they involve multiple stopping conditions, each with its own
set of ISKIP, IREPT, and MULTI values. To illustrate the
use of these variables in a multiple stopping condition en-
vironment, the tollowing case is considered, in which the
variables and values used are

[sTOP=l,1,1,

STPVAL=100.,175.,11020.,

IsKI1P=2,1,0,

IREPT=3,1,3,
MULTI=4,3,0,

The relationship of these variables and values is =2:isier to

3t

n

understand wnen they are pr2sented in takular form:ic, a
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Figure 3-1. Stopping Configuration
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Tavle 3-1. In tnls table, tioe same variable values ére-
sented avove are more readily seen as sets of stopping con-
aitions, labeled A, B, ana C. 1In Figure 3-2, corresponding
lapels A, B, and C illustrate the effect of these sets of
stopping conaitions in a timeline that snows when stopping
occurs.

ITERM 1s an five-element array that speciries the terminal
stop of propagation. If ITERM=N, tne Ntn stopping condition
ls designated to be terminal. This means that wnen ISKIP,
IREPT, and MULTI have been satisfied for the Nth condition,
the propagation terminates regardless of the completion of
other conditions. If, for the preceding example, tnhe user
sets ITERM=1l, propagation terminatss at 2000 seconds (tne
last A in Figure 3-2). If the user sets ITERM=2, provaga-
tion terminates at 1050 seconds (the last B in Figure 3-2).
It the user sets ITERM=3, propagation terminates at the same

time as 1n the original example (3300 seconds).

ITERM can contain up to five values. If ITERM=1,23,5, orcp-
agation cerminates on the first stopping condition in tnis

set tnact 1s met. As an -example, the following case is ccn-
Siderea:

ISTOP=1,1,1,1,1,
LTPVAL=S000 ., 4000, , 2000, ,500., 100un .,
LUiskM=1, 3,45,

In tnts case the propagator stops at 500 second:s and at

<000 seconas. Since 2000 seconas (the third stopping con-
cltion) 1z one of the designated terminal stnpoing condi-
tions, propagation terminates at this pcint. Th:‘efore, ths

stop values of 4,000, 5,000, 2nd 10,000 seconds do not occur.
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It shoula be noted that the propagator continues to crora-

gate until one of the following three conditions is met:

1. All stopping conditions have been satisfied.
2. A terminal stopping condition has been satisfied.
3. One of the two aefault terminal conditicns (i.e.,

impact on the propagation central bhody, 3-yvear time
limit) has been met.

The 3-year time limit and impact ccnstraints can be changed
by including variables TOFl and RAD]l under the &DYNSEC card
(see Table D-2 of the User's Guide). The procedure for
making these changes is discussed in Section 3.2 of this

document.
3.1.4 OUTPUT OPTIONS

Variables in the output options category include PARMM,
NOUT, and IPARMS. Table C-1d of the User's Guide describes
these variables.

PARMM sipeecitren the alphanumer i nome ol the patamet roro ol
culation module. For normal orblt propagation output, tie

user csets PARMM='GFARM'. Since this i35 the default value

£ . A Tsesa fu s s B L | ORI —~
LUL Ianiel, Ll Udel lieeu 1o Llicauud

LA TiRhaRe P 2 — e e
rarevity Lt i Lo Lilppu

M

list. Other values of PARMM are for special, unconventioral
types of output, which are discussed in subsequent sections
relative to specific cases.

NOUT is a three-element array that determines the type of
output parameter report occurring at each stop. NOUT(2),
which specifies the output coordinate system reference, Ze-
faults to the input coordinate svstem. NOUT(3), which :pec-
ifies the output central tocy reference, defaults to the
integrator central body (usually, Earth). In general, ctne
user can ignore the second z-¢ third elements of NGCUT, leav-
ing them to their default +:..23.

=11



The first position in the NOUT array determines the tvpe and
level of the output report to be generated. Table C-6a of
the User's Guide describes the various standard levels of
output available through GMAS. Figure 2-8 of this primer
contains a list of the parameter abbreviations used in the
output. Figures 3-3 through 3-6 show the various levels of
output reports generated for the propagation of a satellite
for 1 day. If NOUT=-1, the output is the same as the

level 1 output (NOUT=1), except that it also contains the
Brouwer mean elements. If the user does not include NOUT in
his input list, the output report generated will be leval 2
(NOUT=2), since 2 is the default value for NOUT.

IPARMS, which is used only when NOUT=4, S5, or 6, allows the
user to list up to 10 parameters to be generated. If the
user 1s not satisfied with the printed output obtainable by
setting NOUT=1, NOUT=2, or NOUT=3, he can set NOUT=4 and
choose up to 10 parametors to be printed.  The procedure or

this is as ftollows:
L. sSet NOUT=4.

2. Choose (from Table C-6c of the User's Guide) up to
10 parameters to be printed at each stop.

3. Set IPARMS=N1,N2,N3, and so forth, where the
letters N represent the numbers corresponding to

the parameters selected from Tatcle C-é6c.

For example, if the user desires to nave orinted out (1) the
magnitude of the spacecraft position vector, (2) the magni-
tude of the spacecraft velocity vector, (3) the energv, and
(4) the orbital period, he sets NOUT=4, IPARMS=17,13,28,30C.
Figure 3-7 snows the resulting output Zor a l-day provoaga-
tion. Since the user does not 1nclude values for NCUT(2)

and NOUT(3), their defaulted valwes rosalt,

. . . . J.
The remaining two values of NOUT (95 i o are used 1a spe-
cial cases wnen the user desires thar Laforma-ion bHe pazsed
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Lo other utilities for processing rather than just printed
out. The uses of these forms of output are not discussed in
detail in this primer. However, an example is shown in
Figure 4-5.

3.1.5 GENERAL FLAGS

Variables in the general flags category include IDEL, IPRNT,
and IDYN,

IDEL i3 a tlag that is used {n comp!icated automatic se-
quences to save core by deleting the propagator and param-
eter modules. It i3 not needed ftor a simple orbit
propagation. '

IPRNT is a debug printout flag for orbit propagation. It is
also unnecessary in a simple orbit propagation.

IDYN is a flag that is used in conjunction with force model
changes. If IDYN is not included in the user's input list,
GMAS uses the defaulted force model (4-by-4 Earth field, ef-
fects of Sun and Moon included). If the user desires ‘o
change the force model, he must update the Dynamics File and
set IDYN=2 (see Section 3.2 for details).

3.1.6

C

RBIT PROPAGATION INPUT EXAMPLES

This section presents primer Problems 2, 3, and 4, which
provide examples of various orbit propagation input.

3.1.6.1 Problem 2

PROBLEM: Propagate the orbit of a satellite, given the tol-
lowing:

Epoch: October 10, 1980; 00:00:00 GMT

Elements: Keplerian:

= 8525.0 kilometers
0.24

68 degrees

91 degrees

93 degrees

248 degrees

HE OO D
[T T I N I
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Coordlnate system Bartn-cencered trus Earth equator and

of input: eguilnox oL aate

Propagator: Time-regularized Cowell (step size =
100 steps per revolution)

Force moael: 4-by-4¢ Earth field, no drag or solar

radiation pressure, effects of Moon
and Sun included
Stop ac tirst perigee, firsc apogee, and every 20th RerLgoee
and every z0th apngee until October 20, 1980, at 1:30 a.m.
At eacn stop, print out the Cartesian elements (x, y, 2z, %,
Y, 2), tne position magnitude, tne osculating perifocal and
apotocal heignts, and the period.

USER PROCEDURE: The procedure for solving Problem 2 is as
EoLlows:

1. Using Taole C-1 of tne User's Guiae, determine &tn=
appropriate value of each variable.
2. For tnose variables wnose default values will not

provide tne results required for this case, punch
out cards with the necessary variables and values,
remembering the following:

=

a. Each variable name must start after column 1
19

..

- - T~ 11
MU LIIL 40 UuduQlLay

]
L9
~—

1. -2
< L W]

(¢]
Q

i ’

not extend beyond column 64.
b. Each value entered must be followed by a comma.

c. Real*8 (R*8) type variaples (see the Tvype col-
umn in Table C-1 of the User's Guide) must
nave a decimal 2o0int; integer (I*4) type vari-

aples have no aecimal peint.

3. Starting with the >omplece GMAS deck illustrated in
Figure 2-1, replac: the caras between tune &OR3IN
cara ana tne &END sird with those puncned in

step 4. Supmit to.: Zdec+.




AUTOMATIC SEQUENCE: 1In Figure 2-1, the cards in the deck
between the DRIVEL card and the EOF card constitute the
automatic sequence. Generally, the cards before and after
the automatic sequence remain the same except for special
applications (discussed in subsequent sections). Therefore,
the solution to Problem 2 is given (as are the solutions to
other problems in this section) as an automatic sequence.
The automatic sequence for solving Problem 2 is as follows:

col. 1
¥
DRIVE1
PRFCON
ORBINP
&ORBIN
IELEM=3,
ELEM=801010.,0.,
8525.,.24,68.,
91.,93.,248,,
PROPM='TRCOWL',
H=100.,
ISTOP=1,998,13,14,13,14,
STPVAL=801020.,13000.,0.,0.,0.,0.,
ISKIP=0,0,0,0,19,19,
IREPT=0,0,0,0,1,1,
MuLTI=0,0,0,0,500,500,
ITERM=],
IPARMS=7,8,9,10,11,12.17,21,22, 30,
NOUT=4,
&END
ORBIT
EOF

The following points should be noted concerning this auto-
matic sequence:

° IELEM=3 because the input elements are Keplerian
with true anomaly.

° ICORD is not needed because its default value pro-

vides the coordinate system (true Earth equator and equinox
of date) required for this case.

° ELEM contains the epoch date and time and the six
given Keplerian e2lements.
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° ICENT 1s not needed because its aefault value pro-
vigaes the coorainate system center (Eartn) reqiired for this

&,

) LACORD, sSAara, and SDEC are not neecdea because thev

Pertaln to attcitude.

° PROPM="'TRCOWL' bpecause the time-ragularized Cowell
propagator is oeing used.

° IPOPT is not needed because the analytic propagator
15 not being used.

® H=100 indicates 100 steps per revolution.

® ISTOP, STPVAL, ISKIP, IREPT, and MULTI (tne stop-
pPing conditions) can be written in the form shown in
Taole 3-2. Since ITERM=1, use of the values in columns A
ana b or tne ctable sets the terminal stopping dace. Use of
tne values in column C causes a stop at first perigee. Use
of tne values 1n column D causes a stop at first apcg=e.
Use or tne values in column & causes a SLOPp At verigee ko Ha
sdlpped LY times and then accepted once, with the entire
process (ISKIP tnrougn IREPT) being repeaced 500 times.

(The MULTI count has been ser arnitrarily large to accomme-
aace the propagation.)
° PARMM is not needed because it defaults to 'GPARM'.

'Y IPARMS=7,8,9,1C,11,12,17,21,22,30,. These numbers,
taken from Taole C-oc oOf the User's Guide, correspond tn tne

various output information desired.

) NOUT=4 indicates that only the parame-ers ZJescribed
in tne IPARMS arrav are to be printed at each stop.

° ICEL and IPKNT are not needed.
° IDYH 13 not needed because its default vzl :e pro-
vides tne I.rce model reguired for this case.




Table 3-2. Stopping Conditions for Proklem 2
VARIABLE A 8 c b) € F
ISTOP 1 998 13 14 13 ‘4
STPVAL 801020. 13000. 0. 0. 0. 0.
ISKIP 0. 0 0 0 19 19
IREPT 0 o 0 0 1 1
MULT! 0 0 0 0 500 500

=20

7097/81



OUTPUT: Figure 3-8 shows the printed output resulting from
the Problem 2 run.

3.4.6.2 Problem 3: Station Coverage

PROBLEM: Given the following, determine the station cover-
age of a satellite at the GSFC, Bermuda, Guam, and Hawali
composite antennas for 1 day:

Epoch: July 29, 1975; 7:09:58.4 GMT

rlements: Cartesian:

6526.439 kilometers

0.0 kilometers

0.0 kilometers

0.0 kilometers per second
3.24286 kilometers per second
8.026368 kilometers per second

Coordinate system Earth-centered true Earth equator andg

Ne e 6 N X
[

of input: equinox of date
Propagator: Cowell (step size = 100 seconds)
Force model: 4-by-4 Earth field, no drag or solar

radiation pressure, effects of Sun
and Moon included

USER PROCEDURE: The basic procedure for solving Problem 3
1s the same as that specified for Problem 2 (Section 3.1.6.1).

AUTUMATIC SEQUENCE} The automatic sequence tor solving
Probiem 3 is as follows:

col. 1
¥
DRIVEL
PRFCON
ORBINP
&ORBIN
ELEM=750729.,070958.4,
©526.439,0.,0.,
0.,3.24286,8.026368,
H=100.,
I5TOP=1,41,9948,42,998,41,998,42,998,41,998,
42,998,41,998,42,998,
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STPVAL=86400.,'GSFC/ETC','COMP','GSFC/ETC','COMP',
'BERMUDA','COMP','BERMUDA','COMP',’GUAM',
'COMP','GUAM','COMP','HAWAII','COMP','HAWAII',
'Comp',

IREPT=1,16*50,

ITERM=],

&END
ORBIT
EOF

The following points should be noted concerning this auto-
matic sequence:

) IELEM, ICORD, and ICENT are not needed because
their default values provide the input elements, coordinate
system, and coordinate system center, respectively, required
for this case.

° ELEM contains the epoch date and time ard six given
Cartesian elements.

° PROPM is not needed because its default value pro-
vides the propagator (Cowell) required for this case.

® H=100 ihdicates a 100-second step size.

® The stopping conditions are input as 1 day (86,400
seconds) from epoch; signal acquisitions for the GSFC-
composite antenna, Bermuda-composite antenna, Guam~-composite
antenna, and Hawaii-composite antenna are set; and signal
losses for the same station-antenna pairs are set. 1In
addition, the time stop is flagged as termlna;, and thae
other stops are repeated until the time constraint of I dav
is met (i.e., IREPT is set to a value sutfficiently large :o
accommodate at least 1 day of station coverage: .

e Each station to be covered requires four positions
in the ISTOP array and four corres 20 nd 173 onositions in rhe
STPVAL array. The format must ne 33 f~ . _ ows:

ISTOP=41,998,42,998,

STPVAL='station name','anctarna LT
'station name' 'antannag--~a--=




OUTPUT: Figure 3-9 shows tne printed output resulting from
tne Problem 3 run.

3.1.6.3 Proolem 4: Shadow Studies

PROBLEM: Given the same orbit propagation information spec-
ifiea in Problem 3, conduct a shadow study for 1 day.

USER PROCEDURE: 7The basic user procedure for solving tnis
prooiem 1s the same as tnat specified for Proolem 2
(Section 3.l.60.1).

AUTOMATIC SEQUENCE: The automatic sequence for solving tnis
problem 1s as follows:

col. 1
¥
DRIVEL
PRFCON
OKBINP
SORBIN
ELEM=750729.,70958.4, .
6526.439,0.,0.,
0.,3.24286,8.026368,
H=100.,
Is10OP=1, 50,
STPVAL=864C0.,1.,
IREPT=1,1000,
ITERM=1,

The variaoles in this automatic sequence are tne same as in
tne Proolem 3 automatic sequence except for the stopring
conaitions. The stopping conditions in this sequence in-
Cclude a terminal stop 1l day from epoch and a stop on all
Eartn snadow conditions that is repeated 1000 times. (The
repeat factor is arbitrarily set to cover the l-day time
span.)
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Figure 3—9. Parameter Output Results From Problem 3
(Station Coverage) Run
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OUTPUT: Figure 3-10 shows the printed ocutput resultinc from
the Problem 4 run. ‘

3.2 FORCE MODEL INPUT

This cection discusses the procedures for entering various
changes to the GMAS default force model. The GMAS default
force model includes a 4=-ty-4 Earth field. and the effects of
Moon and Sun. Changes to this force model are accomplished
via input cards entered between the PRFCON card and the
ORBINP card in the GMAS card deck (see Figure 2-1). Sec-
tions 3.2.1 and 3.2.2 specify the methods for entering force
model changes for Earth-centered orbits and Moon-centered
crbits, respectively. Sec§ion 3.2.3 presents primer Prob-

lem 5, which provides an example of force model input.
3.2.1 FORCE MODEL CHANGES FOR EARTH-CENTERED CRBITS

Four dynamic forces affect the performance of spacecraft or-
biting the Earth:

Dynamic Force Default
Earth's geopotential effects 4 by 4
Noncentral body perturbations Moon and Sun
Atmospheric drag OFF
Solar radiation pressure CFF

To make changes in the default force model, the user must
update the Dynamics File and use the updated file for the
propagation. The procedure for this is as follows:

1. Set IDYN=2 under the &ORBIN card. (If this is not
done, the default force model will be used.)
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P2 Incluae the following caras in the automaclc se-
quence between the PRFCON card and the ORBINP card in tne
input deck (see Figure 2-1):

col. 1

Y
DYNUPD
&DYNUP
(variables to be changed)
&END
&DYNSEC
(variables to be changed)

&END
Caras &DYNUP, &END, &DYNSEC, and &END must all be included
regaraless of whether the user wishes to change variables
under them. Variaoles to be changea are entered in the same
tasnion as tney are under the &0ORBIN card.

3. consult Table 3-3 of this document to determine
walcn variapbles are to be included. Note the type of each

ana the cara unaer whicn each is to be entered (&DYNSEC or
&DYNUP) .

4. Enter &DYNUP variables under tne «DYNUP card and
&DYNSEC variables under the &DYNSEC card, remembering that
R*8 type variables reguire decimal points but I*4 type var-
i1ables do not.

Tables D-2 and D-3 in Appendix D of the User's Guide provide
descriptions and default values for all variables under
&DYNUP and &DYNSEC, respectively. Most of these variables
are fixed constants (e.g., 7, GM) or are not usually

cnanged (e.g., harmonics coefficients). Table 3-3 of this
primer presents tne most frequently used dynamics variables
rrom Tables D-2 and D-3 of tne User's Guide, The variables
are presented in tnls table according to the four categories

specitied at the be<inning of tnis section.
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3.2.2 FORCE MODEL CHANGES FOR MOON~-CENTERED ORBITS

Although GMAS is primarily used for the propagation of Earth-
centered orbits, it does have the capability to propagate
non-Earth-centered orbits. To propagate a Moon-centered or-
bit, the user follows the normal procedure for entering

force model changes, with the following additions:

1. Include IBODY1=2 under the &DYNSEC card. (The de-~
fault value for IBODYl is 1 (Earth).)

2. Include INCl=1,3 under the &DYNSEC card. (This 1is
optional, but the effects of Earth and Sun should
be included as noncentral body perturbations, and
the effects of the Moon must be removed.)

3. Include ICENT=2 under the &ORBIN card if the input
elements are Moon centered.

The following points should be noted concerning force model
changes for Moon-centered orbits:

° The same variables used to make changes té the
Earth potential field (MAXDEl, MAXORl) are used to
make changes to the lunar potential field (whose
default size is 4 by 4).

° Atmospheric drag is not a dynamic force with re-
spect to the Moon.

° The default output is with respect to the integra-
* tor central body--in this case, the Moon. If a
change is aesired, variable NOUT(3) must be changed
under tne &ORBIN card.

3.2.3 FORCE MODEL INPUT EXAMPLE

This section presents primer Problem 5, which provides an
example of satellite orbit propagation requiring default
force model changes.




PROBLEM 5: Given the following, cropagate a satellits orsirc

for S5 days, printing level 1 output everv 12 hours:

Epoch:
Elements:

Coordinate system
of input:

Propagator:

Force model:

AUTOMATIC SEQUENCE:

col. 1
¥

DRIVEl

PRFCON

DYNUPD
&DYNUP

October 10, 1980, 00:00:00 GMT
Keplerian:

a = 8525.0 kilometers
e = (0,14

i = 68 degrees

2 = 91 degrees

w = 93 degrees

T =2 248 degrees

Earth-centered true Earth equa*:or and
equinox of date

Time-regularized Cowell (step size =
100 steps per revolution)

8-by-8 Earth field, effects of Sun
and Moon included, resonance effects
included, no solar radiation, Harris-
Preister drag model with 2.2 drag co-
efficient and 0.02 drag coefficient
variation; spacecraft mass c¢f

150 kilocgrams, spacecraft area of

0.5 x 102 square kilometers

The automatic sequence for solving
Problem 5 is as follows:

AREA=,5D-5,SCMASS=150.,
CsuBDZ=2,2,RHO1=.02,

&END
&DYNSEC

MAXOR1=8,MAXDE1=8, IRESN1=1,

IDRAG1l=1,
&END
ORBINP
&ORBIN
IELEM=3

ELEM=801010.0,0.,

8525.,.14,68.,

91.,93.,248.,

PROPM='TRCOWL' ,H=100.,
ISTCP=1,S8TPVAL=43229.,




IREPT=10,
NOUT=1,
IDYN=2,
&END
ORBIT
EOF

The following points should be noted concerning this auto-
matic sequence:

° Because force model changes (Dynamics File updates)

are required, the DYNUPD card must be included between the
PRFCON card and the ORBINP card.

° The DYNUPD card must be followed by the &DYNUP
card. The &DYNUP card must be followed by the &DYNUP vari-
ables to be changed (see Table 3-3), which in this case in-
clude spacecraft area (AREA), spacecraft mass (SCMASS), drag
coefficient (CSUBDZ), and drag coefficient variation
(RHOl). The &DYNUP variables must be followed by an &END
card.

° The first &END card must be followed by the &CYNSEC
card. The &DYNSEC card must be followed by the &DYNSEC var-
iables to be changed (see Table 3-3), which in this case in-
clude order and degree of potential tield (MAXCKLl and
MAXDEl) ana switches for resonance potential (IRESNI) and
atmospheric drag (IDRAGl). Solar radiation pressure (ISPl)
is not includeé because its default value (2) provides the
required result. The noncentral body indicator (INCl) is
not included because its default value (2,3) provides the
required result (Moon and Sun). The polar motion switch
(IPMl) is not included since polar motion is not considered

in this case. The &DYNSEC variables must be followed by an
&END card.

™ Variables are enterec¢ under the ORBINP card as in
Problem 2 (Section 3.1.6.1).
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° The stopping logic is as follows: propagation
Stops on time (ISTOP=1l) every 12 hours (STPVAL=43200.), and
tnis 1s repeated 20 times (IREPT=20) for a total of 10 days.

° NOUT=1 because level 1 output is desired.
° IDYN=2 because tne Dynamics File is oeing updacted.
Tne following additional points snould oe noted:

o Both &DYNUP and &DYNSEC must be included even if no
variable changes are required for one of tnem.

° .The following order of cards must be adhered to in
an orbit propagation with force model changes:

col. 1

1 4

DYNUPD

&DYNUP
(variables)

&END

& DYNSEC
(variables)

&END

ORBINP
SORBIN

(variables)

&END

ORBIT

® The order of the variables under various & cards

(NAMELIST cards) is flexible. The variables are usually
listed in the same order as they are found in tables.

° It is not necessary to use one card for each varia-
ble as has been done in previous examples. It is acceptaols
to include several variables and their values (separated bv
commas) on the same line (e.g., MAXOR1=8,MAXDEl=8,IRESNl=1,".
However, the last variable value on each line must be fol-
lowed by a comma, and no GMAS input can extend bevond

column 64.

.

w
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[ Variable values in scientific notation such as
0.5 x 107> must be expressed in double-precision expo-
nential form (.5D-5).

° When including changes to the force model, the user
must set IDYN=2 under the &ORBIN card.

OUTPUT: Figure 3-11 shows the printed output resulting from
the Problem S5 run.

3.3 STEPS IN PROPAGATING AN CRBIT WITH GMAS: A SUMMARY

As a brief summary of the material covered in Sections 2.1
and 3.2, this section specifies the step-by-step procedure

for propagating a satellite orbit using GMAS. The procedure
is as follows:

1. Develop an automatic sequence bv following the
steps specified below. The column number specified
in parentheses indicates the column in which the

card's first letter must be punched.

a. Start with DRIVEl (column 1) followed hv
PRFCON (column 1l).

b. If the force model is not to be changed, go to
step h.
c. Determine the appropriate values of each vari-

able in Table 3-3. Note whether the variables
are under &DYNUP or &DYNSEC.

d. Include DYNUPD (column 1) followed by &CYNUP
(column 2).

e. Include the appropriate dvnamics variables (if
any) between columns 2 and 64.

£. nclude &END (column 2) followed by &DYI.ZZC
(column 2).
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Include the appropriate dynamics variables (if

any) between columns 2 and 64, followed by
&END (column 2).

Include ORBINP (column 1) followed by &ORBIN
(column 2).

Using Table C-1 in the User's Guide, determine
the appropriate value of each variable. Enter
these values starting in column 2.

If force model changes were included in
steps ¢ through g, include variable IDYN=2.

Follow the vari
ORBIT (column 1

ables with &FND (column 2),

, and EOF (column 1).

Starting with the card deck shown in Figure 2-1,
replace the automatic sequence part of the deck

with the new automatic sequence created in step 1.
Submit this deck.
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SECTION 4 - AUTOMATIC SECUENCES

Tne reader, naving studied Sections 1, 2, and 3 of tnis
primer, is now able to propajate a satellite orbit using
GMAS. He may, howevar, be questioning at tnis point whecher
the complex procedure used to enter information into GMAS ig
really necessary. Otner soitwara packages seem much more
straightforward. why not simply read data into GMAS in tne
form orf a cara stating tne orbit propagation oojective, fol-
lowea by a number of caras specifying all the necessary pa-
rdmecter intormation?

Tne answer to tnis 1s tnat GMAS input gata is not simply
data. It 1s, rather, a nigh-level programming languayge.
I'nis language, callea tne automatic sequence, i3 a step-bv-
step procedure for performing various tasks in a logical

way, aliowing the passing of information from one tasx to
anotner.

Tnis section discusses the GMAS input language. Section ¢..
describes the various types of cards used in GMAS automatic
sequences. Section 4.2 provides examples of the use of
these cards.

4.1 AUTOMATIC SEQUENCE CARDS

Automatic sequences begin with the DRIVEl and PRFCON cards
ana end with an EOF card, except in some special cases (see
Section 5). The GMAS automatic seguience is conceptually
mucn easier 1if these three cards are assumed to be permanent
rixctures in it. Therefore, all automatic sequences de-
scrioed in this section are assumed to begin wich the DRIVEL
ana PRFCON cards and end with an EOF card. The cards situ-
ated between tne PRFCON card and the EOF card are called

»



GMAS automatic sequence cards. GMAS automatic sequence
cards are of five basic types:

Card Type Start Column
Utility 1
NAMELIST input 2
Dynamic array 1
Logical directive 1
Comment 1

—

Utility cards represent tasks that are to be accomplished
(e.g., propagating an orbit, creating a graph).

NAMELIST input cards are easily recognized. The first
NAMELIST card in a deck contains an ampersand (&) in col-
umn 2 followed by a NAMELIST name (e.g., &DYNUP, &DYNSEC,
&ORBIN). This first card is followed by cards containing a
collection of variables and their values separated by
commas, beginning in column 2 and extending no farther than
column 64. These cards are followed by an &END card, which
begins in column 2. These NAMELIST input cards are for user
input to the utilities,

Dynamic array cards are used to create or delete information
storage areas called dynamic arrays. These arrays are used
to pass information between utilities.

Logical directive cards direct the flow of the automatic se-
quence. The reader familiar with any computer programming
languages will recognize the logical directives as the
branch (GO TO) statements and IF tests used in a prodram,

Comment cards have no effect on the operation of the auto-
matic sequence, but they are often useful for descriotion
and clarification.

The following subsections describe these five basic tvpes of
automatic sequence cards. ~



4.1.1 UTILITY CARDS

Beginning with the simple automatic sequence described in
the solution to Problem 5 (Section 3.2.3), but stripping
away the NAMELIST input cards, the following cards remain:

DRIVE1l

PRFCON

DYNUPD

ORBINP

ORBIT

EOF
The three cards between PRFCON and EOF are all utilities in
this case. DYNUPD is a utility that updates the force model
(Dynamics File) to be used by the propagator. ORBINP, the
orbit input processor utility, sets up all the propagation
information necessary to propagate the orbit. ORBIT ac-

tually propagates the orbit and prints out the results.

GMAS has a number of available utilities in addition to the
three specified above. Table 4-1 lists some of the cur-
rently available‘GMAS utilities. It should be noted that
the GMAS user is not restricted to GMAS utilities; he can
create his own utilities for his own mission-specific prob-
iems. The number of available utilities in this case is

virtually unlimited.

4.1.1.1 Example of Utility Card Use

As a simple example of utility card use, this section pre-
sents the following case, in which the objective is to per-
form the following tasks in the order specified:

. Update the force model (Dynamics File).

1
2. Process input for the orbit propagator.
3. Propagate an ornit.

4

. Do some arithmetic on some existing dynamic arravs.

5. Print onut dynamic arzay values.
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In this case, the required utility cards are placed in the

automatic sequence (between PRFCON and EOF) as follcws (see
Table 4-1):

DRIVE]
PRFCON
DYNUPD
OKBINP
ORBIT
ARITH
PRTDYN
EOF

4.1.1.2 Core Reguirements

When the computer starts running GMAS, it reserves a certain
memory storage area,>called a region, for the program. The
size of this region, or core, is specified by the user on
the // EXEC GMAS,REGION.GO=376K card (see Figure 2-1).

As GMAS proceeds through the automatic sequence, it must
bring utilities into its region in order to execute them
(see Figure 4-1). If no more room is left in its region for
a utility that is needed, GMAS terminates. Therefore, it is
important to keep the region "clean" (i.e., to delete trom

the region utilities that are no longer being used).

Malnl~A 2.9 £ A Tt £ am elaa Emsmmm b o~ el
RO YOI GO T | L LT vocTh LAITO LUT LuLillal Vs o

1))

c 5 Guice speci
utility card. The user can include different combinations
of the letters L, X, D, and K after the utility name to in-
struct GMAS on the handling of the utility. L tells GMAS toc
load the utility in the GMAS region from the disk storace
space. X tells it to execute the utility. D ta2lls it to
delete the utility from the regiorn after executicn. K tells
it to keep the utility in the region after execution. For
example, AVECON,LXK tells GMAS to load, execute, and keep
the AVECON nutility. Status flags (L, X, D, and K) need not
always be inclucded after a utility name, since the atsence
of status flags after a name causes rhe computer to ..:3,
execute, and delete the utility after execution (i.e.. ce-
fault = LXD). '

4-5
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4.1.2 NAMELIST INPUT CARDS

NAMELIST input is the primary means of communication between

the user and a utility. Most utilities require NAMELIST

input (see Table 4-1). The rules for NAMELIST input are
follows:
® NAMELIST input follows the utility card that is
ing it.
™ On the first card, the symbol & must be in col-
umn 2, followed by the NAMELIST name.
°® The next card must contain, stagting in column 2

as

Jds-

and extending no farther than column 64, a lis- of

variables and their values. Each value must ce
followed immediately by a comma. It is to be no

that blanks between the value and the comma are

tecd

treated as zeros (i.e., IELEM=1l , is intarpreted as
IELEM=10,).
e Values of variables that are désiqnated as R*8 var-

iables must contain decimal points. I[*4 variacl

cannot have decimal points.

mal arn
i

e NAMELIST must terminate with ~END, either on

¢

=

a

separate card or following the comma that completes

the last data item.
The following is an example of NAMELIST input:

col. 2

v

&INPUT

ISWTCH=1,IFLAG=3,ITERO=1,17*0,
STATE=200.,5000.,2.D4,2.D~5,1.D~4,2.D-4,

&END
The following points should ©te notad regarding tze 2xampl
° ITERO is an l8-element array. Instead of =2nteri
17 z=ros on the card, it is acscep-anble te .rite

17=%3.

e:




) Every line of NAMELIST variable input must end with

a comma.

° Scientific notation must be replaced by double-
precision exponential notation (e.g., 3 x lO4 =
3.04, 2 x 107> = 2.D-5).

Tne automatic sequence exampie presentea in Section 4.1.1.1

is snown below witn the corresponding NAMELIST input (see
Taolte 4-1):

col. 1
DRIVE1l
PREFCON

DYNUPD

&DYNUP
(variaoles)
&END
&DYNSEC
(variables)
&END
ORBINP
&ORBIN
(variables)
&END
ORBIT
ARITH
&ARITH
(variablesj
&END
PRIDYN
& PRTDY
(variables)
&END
EOF

NAMELIST variaples are a feature of tne IBM version of

FORTRAN. Reference 6 provides a complete description of
tals feacure.

4.1.3 DYNAMIC ARRAY CARDS

Dynamic arrays can be thought of as variable arrays in zhe

automatic sequence. They serve primarily as a wmeans of -om-

munication between utilities. To crzate a d.nzmic arrav,

the user must specify the arra’ name, the type >f variaole,
1-8




and cne dimensions. Tablzs 3-4 of tne User's Guiae specifies
tne general format of tne dynamic array allocation card.
NAMELIST VALUE can be used to input values into a aynamic
array. Table 3-5 of tne User's Guide gives the rules for
the use of NAMELIST VALUE.

Dynamic arrays use space in the GMAS region. Therefore,
just as with utilities, it is preferable to xeep tne region
free of dynamic arrays that are not being used (see Sec-
tion 4.1.1.2). To delete a dynamic array from the GMAS re-
gion, the user employs the deallocation card. Table 3-6 of
tne User's Guide specifies the format of tne deallocation
card.

d.1l.3.L Lxamples ot Dynamic Acrrayv Allocation

Taoles 3-4 througnh 3-6 of tne User's Guide specify the dy-
namic array card formats. Two examples of dynamic array
allocation are provided below.

EXAMPLE 1: The objective is to allccat2 a one-dimensional,
tive-element, R*8 array named ALPHA and to till the array
witn tne numbers .1, .2, .3, .4, .5. The dynamic array
caras requilred to accomplish this are as follows:

col. 1

v
*ALPHA,A,R8,1,5
&VALUE
D=.1,.2,.3,.4,.5,
&END

The following points should be noted regarding these cards:

° On tne first card, * denot=s that a dvnamic array
is to be allocated; ALPHA is tne name of the dynamic array
(maximum lengtn = six characters); A denotes allocation; 1
aenot2s a one-dimensional ar-ay; and 5 denotes five-element

lengzca.



® To assign values to dynamic array ALPHA, the allo-
cacion (*) card must be followed directly with a NAMELIST
VALUE cara, which in turn must be followed by a card on
wnicn D 1s set equal to the values in the array. Array
ALPHA 1s tnerefore stored as follows:

ALPHA(1)=.1
ALPHA (2)=.2
ALPHA (3)=.3
ALPHA (4)=.4
ALPHA(5)=.5

cXAMPLE 2: The oojective is to allocate a two-dimensional

[*4 array named BETA, wnere BETA is the 2-by-3 matrix

The dynamic array cards necessary to accomplish this are as
follows:

col. 1

v

*BETA,A,I14,2,2,3

&VALUE

D=1,2,3,4,5,6,

&END
It should be noted that althougn BETA is a two-dimensional
array, variable D cannot be multidimensional. To initialize
mulcidimensional dynamic arrays, tne user must index vari-
apie D to refer to tne corresponding position in a one-
dimensional array. Multidimensional arrays are stored wicn
tne first inaex increasing most rapidly, followed b, the
secona, ana so forth. A general formula to relate tnis is
as rollows: Given an M-by-N-by-P array, A, element A(x./,z)
may be referenced by the single subscript i, where

i = (z=-1)MN + (vy-1)}M + x

4-10




4.1.3.2 Rules for Positioning Dvnamic Arravs in Automatic
Seqgquences

The following are rules for positioning dynamic arrays in
automatic sequences:

° Dynamic array names must be less than or equal to

six characters in length. VARIABLE is an illegal
name; VARIAB is acceptable.

® Dynamic arrays allocated in the beginning of the
automatic sequence must be placed directly after
the DRIVEl card or the PRFCON card. NAMELIST VALUE
must directly follow the allocation card of the dy-
namic array that it initializes.

° Cards relating to a specific utility should be
placed directly after the utility card and should
be in the following order:

- Dynamic array allocation statements and their
initialization NAMELISTs--These dvnamic arravs
will be allocated and initialized before the
execution of the utility.

- Utility input data (through NAMELIST)--These
data will be read in during the execution of
the utility.

- Dynamic array deallocation statements--These
dynamic arrays will be deallocated after the
execution of the utility.

These rules are illustrated with the following hypothetical
example:

DRIVEL

PRFCON
*INDEX,A,I4,1,1

UTILL

UTTL2
*ARR1,A,R8,1,3
$VALUE |




D=.2,.3D5,.4,
&END
*ARRZ2,A,R8,1,3
&UTIL
X=1.3,I=2,
&END
**ARR2, INDEX
UTIL3

[n the automatic sequence presented ahove, actions occur in
the tollowing order:
1. The dynamic variable INDEX is allocated.
2. UTILl, a utility with no user input, is executed,
3. ARR]l is allocated and initialized.
4, ARR2 is allocated.

5. UTIL2 is executed. During its execution, the
NAMELIST UTIL variables are read in.

6. After UTIL2 execution, dynamic arrays ARR2 and
INDEX are deleted. ARRl remains allocated.

4.1.4 LOGICAL DIRECTIVE CARDS

Logical directive cards are of four tvpes: LABEL, LOOP TO,
GO TO, and IF ... GO TO. These cards must immediately
precede a utility card or the EOF card. The following
sections describe the functions of the logical directive

cards and provide examples of their use.

4.1.4.1 LABEL XXXXXX

The LABEL card is used in conjunction with the other three
logical directive cards. It provides a reference in the
automatic sequence to whicn the logical directive cards are
directed. Table 3-9 of the User's Guide specifies tne
format of the LABEL card.




4.1.4.2 LOOP TO XXXXXX,I

Segments of an automatic sequence can be repeated (I) times

through use of the LOOP TO and LABEL cards. Table 3-§ or

the User's Guide describes the general format of the LOOP TO

cara.

Tne following portion of an automatic seqguence illustrates
tne use of tne LOOP TO card:

LOOP TO BOTTOM, 3
UviLnl
ORBINP
&ORBIN
{variables)
&END
ORBIT
LABEL BOTTOM
UTIL2

Use of tne preceding cards in an automatic sSeguence causes
the portion of the sequence from UTILL througn ORBIT to be

repeated tnree times. Execution continues with UTIL2.

4.1.4.3 GO TO XXXXXX

The GO TO statement is used for unconaitional transfer of
program operation to another point in an automatic se-
quence. In tne statement GO TO XAXXXX, XXXXXAX represents
the name given on tne LABEL statement, which specifies ta=2
point at wnich execution continues. Taole 3-10 of the

User's Guiae describes tne general format of tne GO 0 card.

Tne rollowing portion or an automatic sequence 1..usctratas
tae use of the GO TO card:

.
.

GO TO BOTTOM
UTIL1
ORBINP




&OKBIN
(vari1ables)
SEND
Okbll
LABEL BOTTOM
UTIL2

.
-
.

Use ot the preceailng cards in an automaktic seguence rozults
ln toe bypassing of utilities UTIL], ORBINP, and ORBIT.
Sequence execucion jumps from the GO TO BOTTOM card to the
LABEL BOTTOM card, and execution continues with UTIL2.

4.1.4.4 IF (X.op.Y) GO TO XXXXXX

I'ne IF statement allows an element of a avnamic arra

a aynamic variablel (X) to be logically tested against

-
S
—~
-
-~
-~
~
&
~

Lt

another element of a dynamic arrav (Y), a dvnamic variable
(Y), or a constant (Y). Dynamic arravs used in testing must
be one dimensional. If test conditions are satisfied, con-
trol 1s transferred to a LABEL statement containing tne name
XXXXXX. Table 3-11 of the User's Guide describes the gen-
eral format of tne IF card.

In cthe rollowing example of IF card use, ICOUNT, ITOTAL, and

VET. are adynamic arrays that are allcc

s~ oo
VYO .

2 FA1TT1A
G LU LaT

* LCOUNT, A, 14,1
*ITOTAL,A,I4,1
*VEL,A,R8,1,3

1
el

Theretore, ICOUNT and ITOTAL are one-element I*4 aynamic
arrays, ana VEL 1s a three-element R*8 array. These arravs
are assumed to contain the following values: ICOUNT=1,
ITOTAL=4, and VEL=5.,4.,3..

la dynamic variacle is a one-elemert dv-~zmic arrav.




The following three IF GO TO tests are applied:

.
.

IF (ICOUNT.GT.0) GO TO END

UTILL
UTIL2

.
.

LABEL END

.
.
.

Since ICOUNT=1 is greater than 0, automatic sequence execu-

tion skips to LABEL END.

IF (ICOUNT.GE.ITOTAL) GO TO 50

UTIL1
UTIL2

LABEL 50

Since ICOUNT=1 and TOTAL=S, the test is not satisfied;

therefore, the automatic sequence continues executing UTILL,

UTIL2, and so forth.

IF (VEL(3).LE.3.) GO TO TOWN

LABEL TOWN

Since the third element of the VEL array is 3., the test is

satisfied, and automatic sequence execution skips to LABEL

TOWN.




4.1.5 COMMENT CARDS

Each comment card begins with the symbol + in its first col-
umn. Table 3-7 of the User's Guide describes the comment
card. Comments can appear anywhere in an automatic sequence
except within the bounds of a NAMELIST (i.e., between &NAME
and &END). They have no effect on the execution of the
automatic sequence. Comments (and all GMAS input) are
truncated beyond card column 64.

The following portion of an automatic sequence illustrates
the use of the comment card:

+PROCFSS ORBIT INPUT INFORMATION
ORBINP
&ORBIN
(variables)
&END
+PROPAGATE THE ORBIT
ORBIT

+THIS IS THE END
EOF ‘

4.2 EXAMPLES OF AUTOMATIC SEQUENCE CAPD USE

This section provides two examples of automatic Ssequences
using the various types of cards described in Section 4.1.
Although the first example is not a typical satellite mis-
sion problem, it illustrates the use of logical directives
in an éutomatic sequence. It also illustrates the power of
the automatic sequence and the fact that the sequence is not
just "data." The second problem demonstrates how looping
and testing procedures can be incorporated into an autcomatic

sequence in the solution of a satellite mission problem.
4.2.1 PROBT'EM 6

PROBI.EM: Given 10 numbers in a dynamic arrav (NUMBFR), de-
termine the smallest number and print it out alonag with the
numbers. —y




AUTOMATIC SEQUENCE: Although a simple FORTRAN program cculd
be used to solve this problem, the GMAS automatic seguence

language is usea here tor solution.

The automatic seguence

presented below solves Problem 6. Explanations are includcec

to clarify the actions implied by the automatic sequence.

Automatic Seguence Explanation
DRIVEL
PRFCON
+ Comments

+INPUT 10 NUMBERS IN NUMBER DYNAMIC
+ARRAY
+
*NUMBER,A,R8,1,10
s VALUE

p=5.,7.,11..,8.,10.,25.,.7,.9,3.,58.

&END
*WORK,A,R8,1,10
*SMALL,A,RS8,1,1
+

+DETERMINE THE SMALLEST INUMBER
+
ARITH
&ARITH
ARR1='NUMBER',RESULT="'SMALL',
&END
ARITH
&ARITH
AKR1=NUMBER',RESULT="'WORK"',
&END
LOOP TO 100,9
ARITH
&ARITH
ARR1='WORK',LOCl=2,
RESULT="'WCEK"',LENGTH=9, LOCR=1,
&ZND
IF (WORK(1l).GE.SMALL) GO TO 90
ARITH
&ARITH
ARR1="WORK',RESULT="'SMALL',
&END
LABEL 90
LABEL 100
+

+ PRINT CUT RESULTS
+

Allocate necessarv
dynamic arrays

Comments

Put first numcer 1in
SMALL

Store numrhers in a
working arrav
(WCRK)

SHIFT WCRK array
up one number

If WORK(1l) 1is less
than SMALL, replace
SMALL by walue in
WORK (1)

Comments




Automatic Sequence Explanation

PRTDYN , Print out numbers
& PRTDY and smallest num-
NARRS=2, ber

ARRNAM='NUMBER', 'SMALL',
ARRTIT='NUMBERS', 'SMALLEST',
OUTFMT='F6.2','F6.2"',
&END

EOF

The following points should be noted regarding this auto-
matic sequence:

. DRIVEL and PRFCON begin the automatic sequence.

o Next, three dynamic arrays are allocated. The
NUMBER array is filled with the 10 input numbers.

) The ARITH utility is very useful in the manipula-
tion of dynamic arrays. (Section 2.1 of the Software Re-
sources document provides a complete description of ARITH.)
ARITH was primarily designed to perform arithmetic on dy-
namic arrays, but it can also be used to transfer data from
one dynamic array to another. The first ARITH in the auto-
matic sequence takes the first element from the NUMBER
array, adds zero to it, and puts the result in the SMALL dv-
namic variable. The result is therefore a transfer of the
first element of the NUMBER array into SMALL. The second

ARITH uses the same technique to copy the NUMBER array into
the WORK array.

° Next, the LOOP card causes the following procedure
to be executed nine times:

- Shift the WORK array up one number.

- If WORK(l) > SMALL, go to the last step.
- Place the value from WORK(1l) into SMALL.
- Go back to the first step.

] Finally, the NUMBER and SMALL dynamic arrays are
printed usinc the PRTDYN utility. (Section 5.3.10 and
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Taple D-6 of the User's Guide provide a complete description
of the PRTDYN utility.)

OUTPUT: Figure 4-2 shows the printed output resulting from
the Problem 6 run.

4.2.2 PROBLEM 7

Problem 7 is a mission analysis problem that involves trving
to circularize a drag-perturbed orbit while maintaining
perigee height (and therefore avoiding impact). Figure 4-3
illustrates the logical flow of this problem, which is dis-
cussed below.

PROBLEM: Given the following, and starting with a drag-
perturbed satellite orbit with a perigee height of 150 kilo-
meters ana an apogee height of 1500 kilometers, propagate
this orbit until the apogee height drops below 400 kilo-
meters, keeping the perigee height between 145 and 150 kilo-
meters.

0 Aanmraanc
v aegreeccs

-~

Epoch: January 10, 1981, 00:00:00 GMT
Elements: Keplerian:
a = 7203 kilometers
e = 0.093704
i = 10 degrees
1 = 0 degrees
T = 0 degrees
Coordinate system Earth-centered true Earth equator and
of input: equinox of date
Propagator: Time-reqularized Cowell (step size =
100 steps per revolution)
Force model: 4-by-4 Earth field, effects of Moon
and Sun included, Harris-Pr.ester
drag modcdel

Print out the Keplerian elements and the osculating peri-
focal radius and height every 15th perigee passage. S:top

when the rerigee heignt is less tnan 143 kilometers. T

b

O

a2n
ralse the perigee height 5 kilometers. Con=tinue t>.3 proec-

ess until the apogee heignht drops below 400 <ilome=z:-s.
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START

PROPAGATE
ORBIT UNTIL
PERIGEE HEIGHT
< 145 KILOMETERS

PROPAGATE
TO
APOGEE

NO

RAISE PERIGEE
HEIGHT

% KILOMETERS:;

LEAVE APOGEE
FIXED

PROPAGATE ORBIT
UNTIL PERIGEE
HEIGHT < 145

KILOMETERS

y

END ,

7907,81

Figure 4-3. Logical Flow for Problem 7



AUTOMATIC SEQUENCE: The automatic sequence for solving thi

problem is presented pelow. It is to be noted that spaces
1n the sequence column are used to clarify the association

of sequence entries and explanatory comments and do not in-

ulcate a break 1n tne sequence or the use of blank cards.

Aucomatic Seguence

ExXplanation

-
=

DRIVEL
PKFCON
*PARMS,A,R8,2,2,2
DYNUPD
&DYNUP
&END
&DYNSEC
IDRAGL=],
&END
ORBINP
&ORBIN
IELEM=2,
ELEM=810110.,0.,
7203.,.093704,10.,
0.,0.,0.,
PROPM='TRCOWL',H=100.,
IsTOP=35,13,
STPVAL=145.,,
IREPT=1,1,
IS5KIp=0,14,
MULTI=1,17,
ITERM=]
IPARMS=1,2,3,4,5,6,29,22,
NOUT=4, IDYN=2,
&END
LABEL A
ORBIT

DSTORE
&DSTOR

XNAMEI='STATEF', 'STATEF',LOCI=]1, 3,
XNAMEO='STATEI', 'STATEI',LOCO=1, 3,

NUMWDS=1, 7,
&END
ORBINP
&ORBIN
IELEM=0
PRCPM='TRCOWL',Hd=100.,
ISTOP=14,

Turn drag on
Process oropit input
information

Propagate until per-
1gee heignt is less
than 145 kilometers

Transter £inal ele-
ments to STATEI for
processing by ORBINP



Automatic Sequence

Explanation

IPARMS=29,
NOUT=5,IDYN=2
&END
ORBIT

IF (PARMS(4) .LE.400.0) GO TO C

DELTAV
&DELTA
ICORDG=2,
11YPkE=3,
IGOAL(4)=1,IGOAL(5)=1,1GOAL(8)=1,
GVAL(8)=5.0,
&eMD
UxpINP
SORBIN
1LLEM=U,
PROPM="TRCOWL"',H=100.,
1>10P=35,14,
STPVAL=145.,
LREPT=1,1
ISKIP=U, L4,
MUuLbri=1,17,
ITERM=1,
IPARMS=1,2,3,4,5,9,29,22,
NOUT=4, IDYN=2,
&END
GO TO A
LABEL C
EOF

Propagate to apogee.
Store apogee height in
PARMS array

I1f apogee neignt is
less than 400 kilo-
meters, exit

Raise perigee height

5 kilometers and place

new elements in STATEI

arrav for processing bv
ORBINP

Process orbit input in-
formation

Trhe following points should be noted concerning tnis auto-

matic sequence:

° First, the PARMS array is allocated.

This array is

used to store the value of tne currant apogee neignt. If

tne current apogee height is less than 400 kilom=ters, GMAS

executlion terminates.

° DYNUPD 13 then called to set up the force model to

ve uJusec Icr procagations (aefault plus Harris-Priest

moa2l) .,

W
%

¢rag




° ORBINP is then called to provide the orbital infor-
mation for the propagator. IELEM=2 informs the propagator
that the input elements are Keplerian. ELEM gives the ini-
tial state elements of the satellite. The state is to be
Propagated using a time-regularized Cowell propagator with
100 steps per revolution (PROPM='TRCOWL',H=100.). The stop-
ping conditions inform the propagator to stop every 15 peri-
gee passages of the satellite until the geodetic altitude
drops to 145 kilometers. At each stop the Keplerian ele-
ments, the geodetic height, and the osculating apogee height
will be printed out (IPARMS). IDYN is set to 2 to include
the updated dynamics file.

) ORBIT is called to propagate the satellite until
the perigee height (geodetic height) drops below 145 kilo-
meters.

® DSTORE is then called to transfer the final orbital

elements from the STATEF array to the STATEI arrav. This
must be done in order to continue proragatiocn.

° ORBINP is called to provide orbital information for
the next propagation. IELEM=0 informs the propagator that
the input element state will be coming from the STATEI array
instead of variable ELEM. The state will be propagated tc
apogee (ISTOP=14). Then the geodetic height (apogee height)
at this point will be placed in the PARMS array (at position
PARMS(4)). 1IDYN is set to 2 to include the updated dynamics
file.

. CRBIT is then called to propzgate the satellite
from perigee (STATEI input state) to apogee ané place the
geodetic height in the PARMS array.

Y Next, a test is performec on the apocee height. 1If
the geodetic apogee height is less than or ecual to 400 kilo-
meters, execution continues at LARELC, ané executicn of the
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automatic sequence terminates. Otherwise, processing con-
tinues with a call to DELTAV.

° DELTAV is called to raise the perigee height
5 kilometers ana place the new orbital elements in the
STATEI array for processing by ORBINP. DELTAV is a GMAS
utility that is very useful for satellite maneuver approxi-
mations. In this case, it takes the current satellite state
from the STATEF array. It then determines the change in the
velocity vector necessary to raise perigee 5 kilometers
while maintaining the other state elements. Then it adds
this velocity vector to the velocity component of the STATEF
vector and puts the result in the STATEI array. It al:=o
Prints out a page of information relating to the change in
elements. Section 2.2 of the GMAS Software Resources docu-

ment provides a complete description of the DELTAV utility.

) Next, ORBINP is called to process the orbit input
information. IELEM=0 informs the propagator that the input
state will be through dynamic array STATEI (which was output
from DELTAV in this case). The other variables under
NAMELIST ORBIN are the same as those in the previous ORBIN
NAMELIST.

® GO TO A causes execution to continue at label A.
ORBIT is called again to propagate the satellite until the
perigee height drops below 145 kilometers.

° This loop continues until apogee is less than or
equal to 400 kilometers.

OUTPUT: Figure 4-4 shows the printed output resulting from
the Problem 7 run.

NOTE: 'n pursuing this problem further, the user ma’ want
to araph the perigee and apogee height values. Thisz can :e
done by allocating the proper arrays and using the PREZLT




and PLTDYN utilities. Figure 4-5 snows an automatic se-
quence tnat will accomplish tnis. Figure 4-6 illustrates

tne grapns generated by the automatic sequence in Figure 4-5,
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LESER CARD INPUT FOR THIS FRUN

Cg:(;vASEx SEQNAM=E* CARDS® 4 IUPCATaC o IBATCH=1, E£END
+ ALLZCATE DYNAMIC ARRAYS

SPAFMSyAgR8, 2 20

‘MAXPLTIA.“
LVALJE =]’
.EPUCHoAtQBI
*MAXITP, A, Ia
EVALUE O=17
®[COUNT,A,1
*TIME A oRB
SPERMT AeP
EVALVE D=
SAPOHT 4 AP

*sHOLCT, A0 148,
PaF CON
* SEY FOPCE MCDEL FCR PRQPAGATION
DYMUPD
LD YNUP
EEND
EDYNSEC
IOFAGLI=],
EENO
* INPUT INITIAL STATEs STCPPL NG CCNOITIONS
0ORB INP
EQTRIN
1ELEM=2,

SeDe

q
1
» J
Q 0.0s CEND
[ 1]
] Q

0eCe EEND

O Jee o e e e

Ge
04e¢ 10,0, 3¢%J .0,
=y L

'}
]
ol
0
£
it
4+
400

MULTTI =l ol 017
ITERM=1,42,
ICAPMSE] 9293949598 025022,
NQUT=69 IDYNZ2,
EEND
+ SAVE JO CF EPCCH
DSTNRE
EDSTOF
XNAME [3*STATEL 'y LGCIz1,
XNAMEO= 'EPCCH® ol.CCCw 1,

NUMWDS=1 ,

CENO
+ INITIALIZE TIME ARRAY SC THAT POSSIJZLE
+ UNUSED PCINTS wlLi NOT FLNOT AS ZERO
AT TH

CEARITH

ARRI=*'TIME?,
AFRR2® *EPCCH?*,
CUNST=tARR2,
LGNTH=120,

EEND

+ BEGIN LCOPs INCFRERENT ANO TEST ITERATICN COUNTZR
LABEL A

INCREM

EINCRE

céNSME“ICOUNY' s LCC=1y INCFsl, ),
IF (ICCUNT .GT. PAXITR) GO TC C

+ PROPAGATE UNTIL FERIGEE FALLS
CRBIT

+ TEST FOR PLCT ARRAYS FULL

IF (NPLOT(1) «GEe MAXFELT) GC TO C
* PUT PARMS INQ IN PLOT ARRAYS
LABEL 8

PREPL Te LXK

EPREPL

INDEX=148+9,
XNAME=®TIME®, * PERRHT? ,*APONT S,
[STAPT=2,2,42,
EEND
* MOVE STATEF TO STATEl FCR PRQOPAGATCR RESTART
OSTORE
€D STOR
XNAMETIx*STATER ', *STATEF', LCCl=1,
XNAMEO=*STATEI 9 *STATEI'+LOCO=1,
cgunvos-t. Te

ND
+ SET APQGEE STOF

Je
3e

Figure 4-3. GMAS Automatic S=gquence Z°r 2lot Solution
0. Problem 7 (1 of 2)

4~-36




o8 INP
LCR3IM
IELEvV=",
2QCPMxITACTW. ‘e F21CCely
I15T00=1,14,
{TEFM=2,
IDARMS =29,
NCUT=5,
IDYN= 2,
LEND

* PrOPAGATE TL APCCEE FOR OEL TAV
+ (MUST RAISE PEFIGEE FRCM AP JGEE)
CRATT
+ TFST FOR END CF S1UDY
TF (PAFMS(11) oLEe 4CU W) GC T C
+ FAISE PERIGEE €.. KM
NELTAV
ECDELTA
ICONDG=2,
TTYOC=3,
16AL{3)=l, IGCAL(S)=1,
IGCAL( )=,
SVAL(B)=S.D,
EEND
. FESEY STCPPING CCANDITIINS aND RETURN FOR NEXT [ TERATICN
CEINP
$OACMS, I 4892990 2
EVALUE 0’180‘0-0. EENC
ELFAIN
[ELEv=Y,

QQOPN!.TPCO‘L'I Fral1CCeOy
'ST’P'I.!SQ 2e13,
T°VAL‘°.592°°.IQ5-;-

ITEPT=1914l,
ISK1IP=0,09149
MU TI=1,1017
ITE]M=]1,2,
[PAPMSRY 42,344
NCUTs A&, IDYNa 2,
LEMND

GG TO A

+ ADJ'JST TIME ARRAY TO SIVE LJAYS FROM £POCH

LAQEL C

AT TH
LARITH
AFF1=*TIVE!,
AFRO='EPGCH Y,
CCMST=®ARP2,
OP=*—*, LGNTH=100,

5FNO

SENERATE PLCTS

f"LT"VN
PLTDY
NYAIWPS=1,
XARPRPAY=STIME
YARF AY= *PER
IPLOT=1, I

Se€el9022

PLTDYN
EPLTDY
NYAPF Sx1,
XARPAY= *TIME®
YARRAYw* APOKT*
IPLOTel, [GRIDAD,
XTITLE®m*DAYS FROM EFCCH®,
YTITLES*EQUATORI AL AFOGEE FEIGHT?,

EEMD

- IF PLOTS WERE GENERATED 3ECAUSE PLCT ARRAYS wERE FULL.,

* ZEPC NOLCT ARRAY,y RESTORE I IvE ARRAY TQ JOs AND CCNTINUE
IF (NPLOT(1) A Te. MAXPLT) 30 TO D

ARTTH

CNPLOTo 1y Ta01,l1
LV ALVE O=11890, SENC
EARITH
AFR1='TIME"*,
ARR2=EPCCH?,
CONST=* ARR2¢,
LGNTH=100,
GEND
G3 T0 8
L d END CF AUTOMATIC SEQUENCE
LABEL O
EQF

igure 4-5. GMAS Automatic Sequence for Plot 3olution
to Problem 7 (2 of 2)

4-37




(z JO 1) s301d [ w21qoad °9-p 21ubty

eoe 1 1dANQ [L2] Wis 9 UINSNL I
1HYId=12a
INtL=Tx (o)
Luwaw LR EX] Anqw
[t 24 reae2? 0951 UTAF a1 03° et oc* 2y cv 6 [ uZ*e R AN} 0t -
L il ettt Dttt ettt Rttt e e Dk ittt ISR 3 2 |
1] ]
1 ]
] 1
1 [}
1 1
’ 1
. + ncEet
1 . 3
1 1
14 1
1 i
1 ]
1 1
. ¢ I°ewt
] 1
1 3 1
1 - L] ]
1 . . . 1
1 . 1
1] 1
. + veset
4 t
1 . 1
1 1
] 1
! [}
1 . I
+ + 20wy
1 1
1 * - 1
1 . i
1 1
! 1
! i
+ . + 0z
1 . 1
1 . . 1
1 1
1 i
1 . i
1 i
+ . [ECAFEA
1 ]
1 . 1
1 L3 1
1 1
4 1
1 . LY ] t
+ . ¢ gt "
M 1 o
. 1 1
1 1 3
14 » 1 1
1 i
1 : . 1 3
L] * . (B A 2 ] 3
1 i Y
! i 1
1 L] . . 1 a
1 . 1 4
! . [ d
i 1
e 4+ 2°.5t bl
i ‘ 1 1
1 1 1
I 1 3
1 1 a
! ] 0
1 1 3
Yot e s ferrmr e A enm e rw ) mmmremm e e e r e r e, e —r el e e n e e} m- - vmmn e madr B .- e e me awn . r.md emme——e=e == 0° QT A

L R Akl ord 16°8BE°10°S0 1R/7%0/¢0 Igve

4-38



WDKK rQEmaCd «ACUWW TWmOIM

(z JO T) S30Td L WATqOIJ “9-fp 2aubtg
e 17dA®D . WIY4 OINMNLIY
1HIdV = TA
INTL=1IX ts)
:uwmw W44 SAvQ
00°c¥ cee22 0z° 2 Qs 00°2t ov°6 03°? oz*y *t 00°1-
L e ety ] —— -+ -4 - . - . * + €*29¢
!
1
1
1 .
i
» . s 5°5Ly
1
1
T .
1 .
1
u + 9°60S
1
1
1
1
1
1
. + 2°€02
3 1
1 )
1 1
1 1
1 1
1 1
+ + 9°219
1 . 3
1 t
1 . 1
1 1
t 1
1 . 1
+ 4+ S*1E6
1 1
1 . 3
1 ¢ 1
1 | 1
t 3
1 1
+ L] 4+ v°GeLl
1 1
.. 1
1
1
* 1
1 1
* + E°6STL
1
1
* 1
1
1
. i
* AL ¥4
1 ]
. ]
1
. 1
1
)
4 * 4 to28€t
H 1
1 . 1
1 1
1 1
] . t
1 1
L G e Rt it i St Lttt B L L B b e e it Rttt Dbt JNE g £ 23 §
1ydcozaz BE* ¥ T (S 19/%0/€C 31vQ

39



SECTICN 5 - SFPECIAL USES CF GMZS

This section contains a collection of azutonmataic

n

equences
that perform various tasks. These automatic sequences are

- valuable as illustrations of various useful GMAS capabili-
ties. This section can also be used as a basic guicde to
these particular GMAS capabilities, which include ORBIT File
creation and reading (Section 5.1), satellite state element
conversion (Section 5.2), orbital parameter comparison gragh
creation (Section 5.3), Monte Carlo analysis (Section 5.4),
targeting and optimization (Section 5.5), ana averaged orbit

propagation (Section 5.6).

5.1 ORBIT FILE CREATION AND READIMNG

5.1.1 ORBIT F1LE DEFINED

An ORBIT File is a history, stored on disk or tape, of a
satellite's accelerations throughout a particular propagca-
tion. 1In a normal orbit propagation, the orbit propagator
continues until it hits a stopping condition--fcr example,

1l day. It then prints out various parameter information
pertaining to the state of the satellite at that storping

. point. The user does not, however, have access to any of
the satellite states between epoch and (in this example)

1 day. An ORBIT File is a way of capturing continuously the
path of the satellite during the propagationQ This is ac-
complished by storing the satellite's acceleration compo-
nents at short time intervals throuchout its propagation.
These accelerations are stored on a disk or tape file. Once
an ORBIT File has been created, satellite elements can e
retrieved at any point within the CRBIT File span without
running the propagator again. ORBIT files are particularly
useful in cases in which many arbitrary pcints in zhe prora-
gation of an orbit are to be us2d in a program. Eramples <
gsuch use include orbital parameter comparison gragpning and

averaged element conversion processes.
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5.1.2 WRITING AN ORBIT FILE

To construct a deck that will create an ORBIT File, the user

should proceed as follows:

1. Include the following JCL cards after the // EXEC
GMAS,... card in the standard input deck (see Figure 2-1):
//FT12F001 DD DSN=&&ORBIT,UNIT=(DISK,3),DISP=(NEW,PASS),

// DCB= (RECFM=VS,LRECL=1096, BLKSIZE=1100),

// SPACE=(CYL, (5,5) ,RLSE)

These cards provide for a place on a disk where an ORBIT
File containing up to about 4 months' worth of data can ke
stored. When this ORBIT File is created, it will be written
out to a disk and have the name &&ORBIT. This is a tem-
porary file and will be celeted when the GM2S run is over.
If the user wishes to make the file a permanent one that can
be used at a later date, he must make changes to the card
formats specified above. The cards necessary to create a
permanent file on disk are as follows:

//FT12F001 DD DSN=userid.OBS.DATA,UNIT=DISK, VOL=SER=DISKxX,

// DISP=(NEW,CATLG) ,DCB= (RECFM=VS,LRECL=1096,BLKSI2E=1100),
// SPACE= (CYL,n)

where userid is the usger's computer identificaticon (which
must be the same as the ID on the first card of the input

deck (see Figure 2-1)); xx is the identification code for

the disk that is to contain the ORBIT File; and n is the
amount ofvspace (in cylinders) required on the disk for this
file. Although the size of n varies, generally 20 cvlinders
of space is required for each month of propagation using tne
Cowell propagator with a l00-second step size. (For example,
60;

10.)

The carc¢ requirec to create a permanent tile on tape is as

with a 100-second step size, for a 3-month file, n

with a 2C0-second step size, for a l-month file, n

follows:

//FT12F001 DD DSN=userid.DBS.DATA,VCL=SER=tapeid




where userid is the user's ID, and tapeid is the tape iden-
tification number.

2. Incluae the Dynamics File update utility, DYNUPD,
in the automatic sequence.

3. Include the following variables and their values in
NAMELIST DYNUP (see words 60 through 64, record 3, of
Table D-2 in the User's Guide):

Variable Dimension Type Description Default

YMDIN 1 R*8 Year, month, and 700101.1
day of beginning
of ORBIT File

HMSIN 1 R*8 Hour, minute, and 120000.0
second of begin-
ning of OKBIT File

YMDFEFN 1 R*8 Year, month, andé day 99(0131.0
of end of CRBIT
File

HMSFN 1 R*8 Hour, minute, and 120000.90

second of end of
ORBIT File

IORBFI 1 I1*4 Flag indicating 2
whether an ORBIT
File is to be
written
Variables YMDIN, HMSIN, YMDFN, and HMSFN must be included.

These are of the form YYMMDD. ,HHMMSS.S, where

YY = last two digits of the year (e.g., 80 of 1980)
MM

two digits representing the month (e.a., 06 for
June)

DD = two digits representing the day
HH = two digits representing the hour
MM = two digits representing the minute

SS.S = three digits representing the second ard decimal
secona

4. Set IORBFI=] to indicate thar an GREBIT File is

being created.




5. Incluae the ORBINP card along witn the orbital in-
Lormation uncer NAMELIST ORBIN. The orbit prepagation Lime
interval musc overlap the ORBIT File interval given in
NAMELIST DYNUP. Set PROPM='COWELL' or 'TRCOWL'. Set IDYN=2
o 1nclude the Dynamics File updace.

After performing steps 1 through 5, the card deck input

snoulda oe in tne rfollowing torm:

//userid JOB...
//*FORMAT. ..
//*FORMAT. ..
// EXEC GMAS,...
//FT12F001 DD DSN=...
/7
//
//GO.DATAS DD *
S&CONTRL...
&GMASEX...
DRIVEL
PRFCON
DYNUPD
&DYNUP
YMDIN=...,HMSIN=,..,
YMDFN=...,HMSFN=...,
IORBFI=1,
(dynamic variables)
&END

f—l
(]
u

&END
ORBINP
&ORBIN
IELEM=(same as YMDIN above), (same as HMSIN above),
(elements),

(itnput variavoles)
ISTOP=1,998
STPVAL=(same as YMDFN),(same as HMSFN + H)

&SEND
ORBLT
EOF
Section 9.4 (Case 4) in the User's Guide provides an 2xample

of an automatic segquence to create an ORBIT File.



5.1.3 READING AN ORBIT FILE

To build a deck that will read an ORBIT File, tne user
snould proceea as tollows:

1. If a cemporary ORBIT File was created earlier in
tne same run by the method described in Section 5.1.2, go to
step 2. It the ORBIT File was createa previcusly on disk
and stored by the method describec in Section 5.1.2, include
tne following card after the // EXEC GMAS,... card:

//FT12F001 DD DSN=userid.OBS.DATA,DISP=SHR

If the ORBIT File was created previously on tape ané stored
oy the mechod described in Section 5.1.2, include the

tollowing card atter the /,/ EXEC GMAS,... card:
//FT12F001 DD DSN=userid.OBS.DATA,VOL=SER=tapéia

2. Include the ORBINP card. There are nonstandard
uses ot the variables in NAMELIST ORBIN for reading orbit

Llles. The following variables must be included:

Variable ' Value/Explanation
LCENT =0 (to indicate that a sequential file is to
be read)
BELEM =&YYMMDD. ,HHMMS5.5,6*0., where YYMMDD. is the

year, month, and day of tne beginning of re-
trieval, and HHMMSS.S is the nour, minute, and
second of the beginning of retrieval. The
date specified by ELEM must fall between tne
dates of the ORBIT File (given under DYNUPD)

PROPM ='FROG' (File Retrieval Orbit Generator)
H =step size of 'FROG'
[5TOP =1,994,... )
STPVAL =(same as YMDFN), (same as iIMSFN),.. )
L''ERM =]
a

fad

l1s.advisabie to include tnhe end of the file time as a
topplng conaition. If t£nls is nct done, 'FROG' may "jump
Cf" the ena of tne file before completing stooping condi-
ions.

) Ul A

(1«




After performing stees 1 thrcugh 3, the card ceck input

shoula be in the following form:

//userid JOB...
//*FORMAT. ..
//*FORMA1...

// EXEC GMAS, ...
//FT12F001 DD DSN=...
//

// ‘
//GC.DATAS DD *

&CONTROL...
&GMASEX. ..
DKIVE]
PRFCON
ORBINP
&OKBIN
ICENT=(,
ELEM=YYMMDD. ,HHMMSS.S,6*0.,
PROPM="'FROG' ,H=0.,
ISTOP=1,998,...
STPVAL= (same as YMDFN), (same as HMSFN),...
(other desired stopping variables)
ITERM=],
&END
ORBIT
EOF

Section 9.5 (Case 5) of the User's Guide obrovides an example

of an automatic sequence to read an ORBIT File.

5.2 SATELLITE STATE ELEMENT CONVERSION

Conversion of satellite elements from one state to another
(e.g., Cartesian mean of 1950.0 to Keplerian true of date)
is often desirable. Tec accomplish this, the user must ir-
clucde an ORBINP card and the following variables in NAMELIST

ORBIN:

Variahle Value/Explanation I'eftorence
ELEM Epoch and elements to be
transformed User's Guide,
IELEM Type of input elements Teble C-la




Variable Value/Explanation Reference
ICENT Central tody of input coordi-
nate system User's Guide,
ICORD Input coordinate system Table C-le
1IPCPT = 99 (to prevent a call to the User's Guice,
propagator, which is not needed Table C-1lb
in this case)
NOUT =n,v,z, where n denotes the User's Guice,

output level desired, y de-

Tabkle C-ld

notes the output coordinatce
system, and z denotes the cen-
tral boay of the output coor-

dinate system

IPARMS =up to 10 elements (for

n=4, 5, or 6)

Tanle C-6cC

An example of satellite state element ccnversicn using GMAS

is providedé below.

PROELEM: Given the following satellite stzte, cocnvert this

state to Earth-centered true Earth egquator ané equinox of

cdate Keplerian elements with mean aromaly an¢ crint out thre

results:

Epoch: Jenuary 27, 1980; 02:CS5:0

GMT

2
Coordinate system Earth-centered mean of 1950.C Earth

of input:
Elements:

-
=

S ke N KK
4 " RN

P Yo bs

equator ard eguinox

Cartesian:

6680 kilometers

0 kilometera

0 kilometers

0 kilometers ger second
7.951 kilometers ver second
2.894 kilometers per -cocond

AUTOMATIC SEQUENCE: The automatic sequence for performina

this transformation is as follows:

DRIVEl
PRFCCN
‘ ORBINP
SORBIN
IELZM=1,ICCKD=1,
ELZM=800127.,20302.,
6680.,0.,C.,
0.,7.951,2.894,

User's Gulde,




IPOPT=99,
NOUT=4, ¢, 1,
IPARMS=1,2,3,4,5, 20,
&END
ORBIT
EOF

OUTPUT: Figure 5-1 shows the printed output resulting from
the execution of the preceding automatic sequence.

5.3 ORBITAL PARAMETER COMPARISON GRAPH CREATION

Using a special GMAS parameter module, COMPLM (instead of
GPARM) , in conjunction with various utilities, the user can
Create orbital parameter comparison grapns over a given time
span. This is accomplished by comparing parameters calcu-
latea rrom an ORBIT File to parameters generated at eacn
stop of the propagator. The parameter differences are
stored in dynamic arrays, ana the PLTDYN utility 1is used to
plot their grapns. Figure 5-2 illustrates che logical flow
oL tqe vrbital parameter comparison grapn automatic segquence.
To set up an orbital parameter comparison run, the user

snould proceea as follows:

1. Determine the necessary information. The following
1i1st specifies the 1ntormation tpat must be determined alondg
wilh the values tor this intormation nsed 1n Loe automar Lo

sequence example presented in this section:

[nformation Value in Example

Comparison span times:

Beginning time February 10, 1981;
05:30

End cime February 206, 1931;
18:00

Oroital information for two orbits -
(e.g., propagator, state, dynamics)

Time increment size (ut) (points 3600 s'ec~nds
are plottea :very at seconds)
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CLEAR

START

DYNUPD
ORBINP
ORBIT

CREATE AN QRBIT
FILE OVER
COMPARISON TIME

SPAN (ORBIT 1)

A

DYNUPOD
ORBINP

SET UP DYNAMICS

AND INPUT ORBITAL

INFORMATION FOR
ORBIT 2

B

PARMS ARRAY

Figure 5-2.

ORBIT

PROPAGATE ORBIT 2
UNTIL (1) PARMS
ARRAY IS FULL OR
(2) TIME SPAN ENDS

PREPLT

CONVERT PARMS
ARRAY TO
ONE DIMENSIONAL
ARRAY

PLTDYN

PRINT GRAPHS OF
ORBITAL
PARAMETER
DIFFERENCES

NO

STOP AT END
OF TIME SPAN
?

7907/81

Logical Flow of Orbital Element
Graph Automatic Sequence

Ccmparison



Inrormacion Value in Example

comparison quancitles (from Semimajor axis
Tanle C-4 of the User's Guide) ditferences (7)
(x1lometers); ec-

centricity dif-
ferences (8)

2. Include the following JCL card after the // EXEC
GMAS,... card in the standard input deck (see Figure 2-1):

//FTL2F001 DD DSN=&&ORBIT,UNIT=(DISK, 3),DISP=(NEW, PASS) ,

/7 DCB=(RECFM=VS, LRECL=1096,BLKSIZE=1100),
// SPACE=(CYL, (5,5) ,RLSE)
3. Use the automatic sequence presented following this

procedure as a prototype, filling in the underlined areas
wltn the necessary specific-case-dependent information (from
step 1). This example was developed for plotcing differ-
ences in two parameters. It will produce two parameter
graphs (ditference in semimajor axis (da) versus ctime and
alfrerence in eccentricity (de) versus time). Input Lnr
parameter comparison graphs 1s specified below; tne circlec
lecter oy cacn item is repeated in tne automatic Saguence
example at tne corresponding point.

G} 1npUlL Lne numbers (stdrilng at cthe [ourth 2le-
ment) corresponding to the desireda output graphs from
Taple C-4 of the User's Guide.

Allocate a aynamic array for eacn comparison
parameter trom step<:).

C) Include indexes of the positions orf these pa-
rameters in the PARMS array (see Section C.4.2.2 of tne
User's Guiae).

Include the names of the dynamic arrays allo-
Cated 1n step@i).

@} Include a PLIDYN ati.lty Lor eacn comparison
parameter with tne parameter's dynamic arravy name at DoSi-

tionfg)in the example.

5-11




Two additional points must be noted nere:

° If tne user is using a preexisting ORBIT File for
his comparison, he must (1) include an FT12F00l card indi-
cating where the file is located (see Section 5.1.3 of this
document) ana (2) omit the first DYNUPD, ORBINP, and ORBIT
ucilitles in the example automatic seguence.

o Radial, cross—traék, along-track, ana cotal errors
are always computea and placed in position columns 3, 4, 5,
and 6, respectively, in the PARMS array. Graphs of these
can be created using tne procedure described above, except

tne user does not need to add numobers in part a of step 3.

Tne automatic sequence tor a comparison run is presenced be-
low. It i5 to be noted that spaces in the sequence column
are used to claritfy the association ot sequence entries and
explanatory comments and do not indicate a break in the

sequence or the use of blank cards.

Automatic Seguence Explanation

DRIVEL
PRFCON
*PARMS,A,R8,2,11,45

X'PTMID A DQ 1 AC
AL pEU P INI g Ly I

*DELA,A,R8,1, 45
*DELE,A,R8,1,45
DYNUPD
&DYNUP
IORBFI=1,
YMDIN=810410.,HMSIN=53000., Comparison begin :time
YMDFN=810220.,HMSFN=180000., Comparison end time
(orbit 1 aynamics variables)
SEND
&DYNSEC
(oroit 1 dynamics variaples)
&END
ORBINP
SURBIN
IELEM=], 1CORD=2, ICENT=],
£LeM=3810210.,53000., Comparison pegin time
(epoch)

5-1:2




Automatlc Sequence

(orbit 1 elements)
PROPM="1RCOWL"',H=100.,
15TOP=1,993,
STPVAL=8102¢0.,130000.,
IDEL=1, IDYN=Z,

&END
ORBIT
DYNUPD
&DYNUP
IORBFI=2,
(orbit 2 dynamics variables)
&END
& DYNSEC
(orbit 2 dynamics variables)
&END
ORBINP
&ORBIN
IELEM=1, ICORD=2, ICENT=1,
ELEM=810210.,53000.,

PROPM="'ANALYT',H=100.,IPOPT=2,
I51TuP=1,998,1,
STPVAL=810220.,180000.,3600.,

IREPT=0,0, 1000,
['tERM=1,

PARM="'COMPLM',
IPAKMS=12,0,0,7,8, (a)

NOUT=3,
IDYN=2,
SEND
LASEL A
ORBIT
*NPLOT,I,I4,1,11
SVALUE
D=11*0,
SEND
PREPLT
5 PKEPL
INDEX=1,8,9,
XNAME='TIME', 'DELA', 'DELE', (@)
SEND

Explanation

Comparison end time

Comparison begin time
(epocn)

Comparison end time
and time increment
Sizea

Comparison quantity
numbers from

Table C-4 of User's
Guide

Initialize NPLOT




Automatic Sequence Explanation

PLTDYN DELA plot
& PLTDY

NYARRS=1,

TITLE='SEMI-MAJOR AXIS DIFFERENCES',
XTITLE='ELAPSED TIME (SECONDS) ',
YTITLE='SEMI-MAJOR AXIS DIFFERENCES',
XARRAY="'TIME',

YARRAY='DELA',

IPLOT=1,IGRID=0,

&END
PLTDYN DELE plot
&PL'1DY
NYAKKRL= |,
'rllll "IA CENTRICTTY DLFPERENCHS Y,
xlirll*'erﬁHLQ_TIML (SECONDS) T

CULTLE="DELTA B
SARRAY="T1ME",
YARRAY="'DLLE"
IpLOYT=1, IGKkIbL=0,
&END
IF(3TATEI(2) .NE.1) GO TO A
EQCF

The tollowing points should be noted concerning this auto-
matic sequence:

° First, the PARMS, TIME, DELA, and DELE arravs are
allocatea. The PARMS array is used to pass comparison
values from the orbit propagator utility, ORBIT. TIME,
DELA, and DELE are one-dimensional arrays that are used in
the plotting utility (PLTDYN).

° The DYNUPD, ORBINP, and ORBIT utilities that follow
the uynamic array allocation cards are called to create an
Oxbll File over the comparison iaterwval. Trne varianle
values for the creation of an ORBIT File are discussed in
Section 5.2. IDEL under NAMELIST ORBIN is set tc 1, which
willl cause tne propagator to be deleted from core after the
L1ie nas been created. Tnis is important, especially if tne
user 1s comparing orbits using different propagators.




° The DYNUPD utility must pe called to set up the dy-
namics ror tne second orbit and to set IORBFI=2 since the
user does not wish to create an ORBIT File on tne next call
to tne ORBIT utility.

° ORBINP 1s called to input the elements and propaga-
tor assoclateu with the second orbit. The stopping condi-
tions are set to stop periodicaliy (in tnis case, every
3600 seconds) until the end of the compat ison span.  Ge-
lected parameter differences will oe calculated and stored
at each stop to be graphed later in the automatic sequence.
Section C.2.5 of the User's Guide describes the other non-
standard input tarough NAMELIST ORBIN.

® LABEL A is used in the looping procedure.

) The ORBIT utility is called to propagate the orbhit,
stopping every 3600 seconds. ORBIT will continue until
elther the PARMS array is full or the orbit propagation has

reacned the end of the comparison interval.

. Dynamic array NPLOT must pbe initialized before the
call 1s maae to the PREPLT utility.

° PREPLT 1is called to transfer the intormation from
tne PARMS array into the one-dimensional arrays TIME, DELA,
ana DELE, wnhicn were allocated at tne beqginning of tne auto-
matic seguence. bsSection 2.4 of the Software Resources docu-

ment describes PREPLT.

° PLTDYN 1s called to generate tne aesired comparison
plots. This utility must be called once for each parameter
being compared. Section 5.3.9 of the User's Guide Zescribes
PLTDYN.

° If the orbit propagator stops only hecause t. =
I

PARMS array 1s full, it will set STATEI(2,=2.

(1)
B}
()]
"
o
-
(a3




Propagator hits a terminal stopping conaition (end of the
comparison span), it will set STATEI(2)=1. If the lattar is
the case, the run will end. Otherwise, processing will con-
tinue at LABEL A. The PARMS array will be reinitialized,

and the orbit propagator utility, ORBIT, will be called
Agaln to continue propagating.

Frqures 5-3 andg 5-d4 show some of the printed output result-
ing from a run made using the automatic sequence format de-
scribed above. This run compares the orbital parameters
generated using a time-regularized Cowell propagator witn
drag as a daynamic effect with the parameters generated using
an analytic propagator without drag as a dynamic effect. In
tals particular example, tne PARMS array tills up six times,
taus creating six comparison graphs of eacn of the two pa-
ramecers compared. Figures 5-3 shows the first GMAS compar-
ison results table; Figure 5-4 snows the corresponding
semimajor comparison graph. Section 9.6 (Case 6) of the
User's Guiae ancd Section 2.4.4 of the Software Resources

document provide other examples of parameter comparison.

5.4 MONTE CARLO ANALYSIS

The Monta Carlo Program driver, MONDRV, provides the asor
witn a generalized Monte Carlo error analysis capability
that can pe applied to any user-defined funtion. 1In Monte
Carlo analysis, tne function is evaluated (sampled) a large
numoer of times, with each sample being supplied a set of
control (independent) parameters whose values are the nomi-
nal values plus perturbed values obtained from a set of ran-
aom numbers. The output (dependent) parameters of the
tunction provide the raw data for the statistical and propa-
oi1listic analysis. Figure 5-5 shows the general flow of :n=2
Monte Carlo Program along with the input variables connectad
Wwltn each stage OL tne processing.
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Section 5.1.2 of the User's Guide provides a complete de-
scription of the GMAS Monte Carlo usage and input. To use

tne Monte Carlo analysis capability, the user should proceed
as follows:

1. Create a Monte Carlo automatic sequence. The form
of tne automatic sequence is as follows:
MONDRV

&MONDR
(Monte Carlo variables)

P%?ggN (or TARCON) User-defined function
(utilities)

EOF
MONDRV must be usea instead of DRIVEL and must be followed
py the Monte Carlo input variables under NAMELIST MONDR.
Tae user-derined runction, wilch 15 1ncluded next, must oo~
gin with a controller (either PRFCON or TARCON). The user-
cerineu "function" is actually a partial automatic sequence
tnat uses values from aynamic array UM (independent vari-
avles) to produce dependent values that are stored in dy-
namic array DEPVLM.

2. Determine the values of the variables under

NAMELIST MONDR and include them in the automatic seguence.
Table 5-2 presents a categorical list of the Monte Carlo
variables and a brief description of each. In this list,
tne variables underlined are those usually required in a
Monte Carlo run. Appendix A of the User's Guide provides a
complete list of Monte Carlo variables that includes dimen-
sion, type, and default values.

3. Develop the user-defined function. First, define
tne function to be usea by placing tne appropriate con-
troller, executive utility, ana utility load module calls in
tne automatic sequence followina NAMELIST MONDR. (User-
suppliea urilities may al:o be used. Section » 2f tnis




Table 5-2. Monte Carlo Program Variables

VARIABLE DESCRIPTION
NOMINAL VALUES
NINDV NUMBER OF INDEPENDENT VARIABLES
UNOM NOMINAL VALUES OF INDEPENDENT VARIABLES
RANDOM PERTURBATION PARAMETERS

COVIN COVARIANCE MATRIX FOR INDEPENDENT VARIABLES (SET ICORIN=1)
ICORIN FLAG TO INDICATE WHETHER INDEPENDENT VARIABLES ARE CORRELATED:

=0, UNCORRELATED (DEFAULT) (SIGMA USED)

= 1, CORRELATED (COVIN USED)
IDIST DISTRIBUTION FOR ITH IDEPENDENT VARIABLE
SEED SEED OF THE RANDOM NUMBER GENERATOR
SIGMA g VALUES FOR INDEPENDENT VARIABLES IF THEY ARE UNCORRELATED

DEPENDENT VARIABLES
DEPTL LOWER AND UPPER TOLERANCES FOR EACH DEPENDENT VARIABLE
IDEPVL FLAG TO SELECT DEPENDENT VARIABLE CALCULATION METHOD
NDEPV NUMBER OF DEPENDENT VARIABLES
DEPENDENT VARIABLE STATISTICS OUTPUT

HSTGRM NUMBER OF HISTOGRAM BREAK POINTS AND HISTOGRAM VALUES FOR EACH

DEPENDENT VARIABLE (SET IHIST+¥0)
IHIST FLAG TO REQUEST HISTOGRAM QUTPUT
ICOvV COVARIANCE MATRIX QUTPUT
IDEB DEBUG QUTPUT
ISMPLP PRINT MONTE CARLO RANDOM NUMBERS
ITOL PRINT TOLERANCE INFORMATION
NPRNT PRINT FREQUENCY
TITLE DATA BASE TITLE TO BE PRINTED AT TOP OF EACH PAGE

GENERAL VARIABLES

NMCs NUMBER OF MONTE CARLO SAMPLES
INITM INITIALIZATION FLAG FOR INDEPENDENT VARIABLES
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aocument provides tne information necessary for creating
utilities.) Then provide for interfacing the aynamic arrays
UM and DEPVLM (see Taple A-2 of the User's Guide) with the
user-defined function. This can be accomplished by (a) mak-
1ng the input and output variables in the user-defined func-
tion dynamic arrays, thus enabling the use of utility DSTORE
(see Section 5.3.2 of the User's Guide) to transfer the data
petween UM ana DEPVLM and the user-defined dynamic arrays,
or (b) using tne executive service routines FECHDA and
STOKDA (see Appendix E or the User's Guide) from within the
function to access qnd store UM and DLLPVLM airectly. In
general, methoa a provides more flexibility than methoa b.
Wwitn method a, the problem can be changed via user input;

method b requires a coding change to alter the problem setup.

Section 9.10 (Case 10) of the User's Guide provides a proo-
lem example of the use of the GMAS Monte Carlo error analy-
Sls capabilicy.

5.5 TARGETING AND OPTIMIZATION

The targeting and optimization controller, TARCON, provices
the user witn a numerical targeting and optimization capa-
oility thact can be applied to any user-defined function
composeda of a series of utilities. The GMAS targeting ana
optimization capability can oe used in the selection of cer-
tain mission control parameters (e.g., oX, w¥Y, aZ) to sat-
isfy mission constraints (e.g., raise perigee n=ight wnile
maincaining tne argument of perigee) wnile optimiz:ing zome
miss10on objective (e.g., minimize the magnitude of tne a4V
vector). TAKRCON varies the control parameters until tne
coanstraintcs are satisfied to within their tolerances and tne
optimization variaple is minimized (or maximized).




Figure 3-6 spgecifies tne primary variables used in the tar-
geting and optimization process. The object in targeting
ana optimization is to search through all possible values of
the control parameters (U) to find the set of parameters
that, when processed by the user-defined function to produce
tne target variable DEPVL, will give the desired target
values (DEPVAL) within their tolerances (DEPTL) while cpti-
mizing tne optimization variaole (OPTVL).

1o use tne GMAS targeting and optimization capability, the
user should proceed as follows:

1. Create a targeting and optimization automatic se-
quence. The torm of the automatic sequence is as tfnllows

DRIVEL
TARCON

& TARGC

(targeting and optimization variaples)

&END

(user-defined function)
EOF

It is to be noted that DRIVELl is followed by the targeting
and optimization controller (TARCON) instead of PRFCON.

2. Determine the values of the variables under
NAMELIST TARGC ana include them in the automatic sequence.
Table 5-3 presents a categorical list of some of the target-
ing and optimization variables that are Ereqdently used. 1In
tnis list, tne variables underlined are those whicn must be
incluaea 1n any targeting run. Appenaix B of the User's
Guide provides a complete list of targeting ana optimization

variaoles.

3. Develop the user-defined function to be targeted.
First, cefine the function to pe used by placing the apprc-
Ppriate utility load module and executive utility calls in

the automatic seguence followiag HAMELIST TARGC. The and ¢

tne user-defined function is indicated oy. a driver or
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conctroller call or oy an end-of-fiie indicator. Then pro-
vide for 1lntertacing tne dynamic arrays U, DEPVL, anac OPTVL
wltn tne user-aerined function. This can oe accomplisned ov
(a) making the input and output variables in tne user-
aefined tunction dynamic arrays, thus enabling the use of
utility DSTORE (see Section 5.3.2 of the User's Guide) to
transfer tne aata between U, DEPVL, and OPTVL and the user-
aefined dynamic arrays, or (b) using the executive service
routines FECHDA and STORDA (see Appendix E) from within the
function to access and store U, DEPVL, and OPTVL directly.
In general, method a provides more flexibility than methcd b.

With method a, the problem can be changed via user inpu%;

l\';v' [nd ~~
method b reguire n

ing change to alter the problem setup.

o

~
e\

1
o]

This subsection is intended to introduce the user to the
basic operation of the GMAS targeting and optimization capa-
bilities. For a more comprehensive explanation of TARCON
and examples, the reader is referred to the following
sources:

Subiject Reference

TARCON Controller (aescription) User's Guide, Secticn 5.2.2
Targyeting ana optimizacion User'’s Gulde, Appenailx B

‘- mathematics (description)
NAMELIST TARGC input (de- User's Guide, Appendix B
scription) '
Optimization of a second- User's Guide, Section 9.11
degree polynomial with (Case 11)
linear constraints (example)
Impulsive maneuver targeting, Software Resources document,
fixed time (example) Section 3.1
Impulsive maneuver targeting, Sottware Resources document,
variable time (example) Section 3.2

(@)
L]
b
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5.6 AVERAGED ORBIT PRCPAGATION

The averaged orbit propagator, AVGVOP, is a rapid orbit cen-
erator, designed for moderatély accurate and efficient com-
putation of the long-term motion of artificial satellites.
By averaging out short-term periodic effects, AVGVOP is able
to take much larger steps than its numerical counterparts
(e.g., Cowell takes 100 steps per revolution; AVGVOP takes’
l step per revolution). It does not, however, suffer from
the imprecision associated with purely analytic propaga-
tors. Because of its great efficiency, AVGVOP provides a
valuable mission analysis tool for studies involving lonag-
term etfects of satellite parameters.

To run the averaged orbit propagator, the user can apply the
procecure for propagating orbits discussed in Section 3 of
this document, noting the following:

® PROPM must be set to 'AvGVOP',

° Input elements must be averaged elements. Averaged
elements can be obtained by using the averaged
element conversion utility, AVECON,.

o Averaged elements must be created using the same
force model as the propagator will be using.

° The step size, H, should be approximately cne sat-
ellite period (in seconds).

Since the creation of averaged (mean) elements reguires a
good deal of utility manipulation in the automatic seguence,
an automatic sequence, MEANEL, has been created expressly
for the purpose of calculating mean elements. By making |
suitable changes to the GMAS input deck (see Figure 2-1),
this automatic sequence can ke brought into GMAS frocm a
library of preexisting automatic sequences and updated to
satisfy the user's specific recuirements. The GMAS




automatic sequence library and updating procedures are
mentioned in Section 7 of this document. Section 2.3 of
User's Guide provides a complete discussion of GMAS auto-
matic sequence card updates.

an automatic sequence, AVEGEN, has been created to convert
the user's osculating elements to mean elements and then
propagate these mean elements to a desired stopping condi-
tion. A thorough description of the use of AVEGEN can be
found in Section 3.6 of the GMAS Software Resources docu-
ment. One drawback to using AVEGEN is that the user cannot
specify the epoch time of the generated mean elements. 1If
the user wishes to fix the epoch time for the mean elements,
he should use the fcllowing method:

1. Follow the steps described in Section 3.5.3 of the
Software Rescurces document to create mean elements at the
desired epoch.

2. Add the following cards to the bottom of the acto-
matic sequence updates from step 1 in order to cropagate tne

mean elements that have been created:

AVECON 1 ,ADD
ORBINP
&ORBIN
PROPM='AVGVOP', IELEM=0,
H=(step size),
IDYN=2,
(other orbital input stopping conditions)
&END
ORBIT
EOFADD

Section 3.5.5 of the Software Resources document provides a
sample case using MEANEL.

U
[
8]
O



The total deck setup for the creation of mean elements using
MEANEL and the subsequent propagating of these elements is

given below along with comments.

Input Cards Explanation
//ZBNAMAVG JOB...
//*FORMAT PR,...
//*FORMAT PU,...
// EXEC GMAS,REGION.GO=375SK
//FT12F001 DD DSN=&&ORBFIL,UNIT=(DISK,3), Allocate

//' DISP=(NEW,PASS) ,DCB=(RECFM=VS,LRECL=1096,
// BLKSIZE=1100,BUFNO=2) ,SPACE=(CYL, (5,5) ,RLSE)

//GO.DATAS DD * |
SCONTRL IFTUBE=50,IFTABL=49,IFTPRT=9,&END
&GMASEX SEQNAM='MEANEL',IUPDAT=1,IBATCH=1,&END

UPDATES
DYNUPD,1,UPD
&DYNUP
(variabple)
&END
&DYNSEC
(variables)
&END
EOFUPD
ORBINP,1,UPD
&0ORBIN
(variables)
&END
EOFUPD

DYNUPD, 2,UPD
&DYNUP
(variables)
&END
&DYNSEC
&END
EOFUPD

5-30

orbit rfile
space (see
Sec-

tion 5.2)
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Input Cards

Explanation

CRBINP,2,UPD
&ORBIN
{variables)
&END
ECGFUPD
ORBINP, 3,UPD
&ORBIN
(variables)
&END
ECFUPD
AVECON,1,UPD
&AVECO
(variables)
&END
EOFUPD
AVECCN,1,ADD
CRBINP
&ORBIN
(variables)
SEND
ORBIT
EQOFADD

Set stcr tire for second
propagation

Set epoch for mean elements

Set number cf periods to ke
averaaged over

Propagate mean elements using
AVGVCP. Input stopping condi-
tions. Set IDYN=2 for dyramics
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SECTION 6 - CREATION OF GMAS MODULES

Thus far in this primer, only utilities from the operational
GMAS utility library have been used in automatic sequences.
- The real power of GMAS is that users can develop their own
utilities. These utilities can be stored in libraries and
used in user-defined automatic sequences, thereby enabling
the user to string utilities together in any desired con-
figuration.

This section demonstrates how the user can integrate his own
software with the existing GMAS software through the use of
the automatic sequence to solve mission-specific problems.
Topics discussed include the creation and use of utilities
(Section 6.1), the modification of existing utilities (Sec-
tion 6.2), the creation of special output parameter modules
(Section 6.3), the creation of parameter modules in general
(Section 6.4), and the use of GMAS service routines in user
load modules (Section 6.5). Since utilities are created
from FORTRAN routines, the reader is assumed to be familiar
with the IBM FORTRAN IV programming language.

6.1 CREATION OF UTILITIES

This section discusses the various aspects of converting a
program or routine into a utility and using it in an auto-
matic sequence. Utility input is usually through NAMELISTs
or dynamic arrays. Output is usually printed out (using the
FORTRAN WRITE statement) or placed in dynamic arrays. This
section uses a series of examples to describe ti2 process of
creating and using a utility. The first examplzs (3ec-

tion 6.1.1) uses the most simple forms of input 2nd output;
subsequent examples (Sections 6.1.2 througnh 6.1.-° use more
complicated input/output methods. The actual Zurctions per-
formed bv the routines in the examples are Xxept simples for
demonstration purposes. The first three examplasz involve




averaging rfour numoers. ‘[ne fourtn example involves taking
the sum of three numpers.

Betore studying the examples, the reader should understand -
the general process involved in converting a subroutine or
collection of subroutines into a utility to be used in an
automatic sequence. Figure 6-1 helps to illustrate this
process. A special program developed for GMAS, UTLBLD, uses
the user's FORTRAN subroutines (source) to build a utility
(AVGUTL) . It then stores the utility in a user library
(ZBXXX.MYFILE.LOAD) on a disk (DISKXX).

The user procedure is as follows:

1. Determine the input/output requirements of the
FORTRAN program that is to be converted to a utility. Sec-
tions 6.1.1 through 6.1.4 each present a different method of
lnput/output. The user's program can utilize any one or any
comoination of these methods.

2. Write a FORTRAN program for use in creating tne de-
sirea utility. This FORTRAN program must be written in a

certain manner to make it compatible with GMAS software.

3. Collect the information necessarv to create and
store the utility on disk. The types of information re-
quired are noted below, along with the specific example of
each usea in Figure 6-1:

Information Item Example in Figure 6-1
Deck of cards consisting of FORTRAN FORTRAN source deck
code for utility
Name of main subroutine in source AVRAGE
deck
Name of new utility AVGUTL
Name ot liorary in which uti.ity is ZBXXX.MYFILE.LOAD
to oe storea
Name of aisk on wnich librac: DISKXX
resides




18/L06¢

T

TLNOAVY

Al
J

AQVOTIUNIANW XX XEZ

\\Ij
-

XXIsta

A3r1T3n e hutpring

N

/

‘T-9 2anbt4g

{HY3I'NY41)IDVHAY INILLNOYANS

(Z-O'H-V)8.1v3IH LIDINdWI ¥

algiin

_J

J

/

/

/

2034 304HNOS
NY'HLYHOJ

=3




4. Create a deck that will both build a utility con-
taining this program and store the utility in the user's
library.

5. Submit the deck created in step 4.

Steps 1 and 5 require no further explanation. Steps 2, 3,
and 4 are discussed in detail in the following sections.

6.1.1 EXAMPLE 1l: UTILITY WITH NAMELIST INPUT

6.1.1.1 Creating the Utility

The objective in this example is to create 1 utility named
AVGUTL that reads in four R*8 numbers through NAMELIST in-
put, calculates their average, and prints out both khe [our
numbers and their average. The steps necessary to accom-
plish this are described below.

6.1.1.1.1 Writing the FORTRAN Program

The following FORTRAN program can be used to meet the objec-

tive in this example:

col. 7
+

SUBROUTINE AVRAGE(IFRN,IERR) (D

raMDTYT T TM MNMMATr &0 AN
.Ju.-u.t\..a..l. nNLAL” O\n-n U'A) E/

NAMELIST/AVGUT/A

DIMENSION A(4)

READ (IFRN,AVGUT) (5

SUM=0.0

DO 100 I=1,4

SUM=SUM+A (1)

100 CONTINUE

AVG=SUM/4. 0

WRITE(6,900) (A(I),I=1,4),AVG
900 FORMAT('1THE AVERAGE OF ',4G10.2,' IS ',Gl0.2)

RETURN (6

END




Tne tollowlng rules must be adnerea to wnen creating a new

program or converting an existing program to a GMAS utility:

) The main routine must be written as a subroutine

with an argument list containing IFRN and IERR

° IFRN 1is the FORTRAN reference numper of the execu-
tive file. This is the file that contains the
user's NAMELIST input. IERR is used as an error
flag. The user can set this flag to a nonzero
value 1n his application program (utility) it an
error occurs. When control is returned to the GMAS
executive, tne normal GMAS «rror procedure will pe

followed. (See (:) in the FORTRAN program pre-
sented above).

® Since all GMAS routines use aouble-precision vari-
aples, the user should incluae the IMPLICIT state-

ment (C)) in oraer to maintain system integritvy.

° If input to the main routine is by NAMELIST under
the utility card in the automatic sequence, tae

main routine snould include the following cards:

- NAMELIST statement ((3))—-The general format
of the NAMELIST statement is

NAMELIST/X/al,az,a3,a4,...',an

where X is the NAMELIST name, and ajray,
ajre..sa  are the variables or arrays in

tne NAMELIST,

- DIMENSION scatement ((:>) for any arrays in
tnhe NAMELIST--The NAMELIST and DIMENSION
statemenrts must occur pefore the first line of

executable code.

- READ statement ((5)) to reaa the NAMELIST in-
put from the automatic sequence f£ile (IORTRA

reZerence numper = IFRN)

6-3



o The main routine code must be followed by a RETURN
statement (C)).

° No routine or subroutine in a GMAS utility snould
incluade a STOP statement. The execution of a STOP
statement will terminate GMAS execution.

e.l.l.1.2 Collecting the Necessary Intormation

Tne 1ntormation necessary to create ana store the desired
utiilty 1s us tollows:

Information Item Specific
Deck of caras consisting of FORTRAN FORTRAN source deck
coae for utility
Name of main subroutine in source AVRAGE
aeck
Name of new utility AVGUTL
Name of library in which utility ZBXXX.MYFILE.LOAD
1S to be stored
Name of disk on which library re- DISKXX
sides :

o.l.1.1.3 Creating the Input Deck

The input card aeck presented below can oe used to build the
agesired utility. uUnderlined items indicate information taat
must pbe supplied by the user.

col. 1
A 4
//LBXXXAVG JOB...
//*FORMAT. ..
//*FORMAT. ..
// EXEC UTLBLD
//PRLP.DATAS DD *
&UTIL
uTLNAM='AVGUTL', (8)
PRGNAM='AVRAGE ', ©
&END
FPARM XREF
//SOURCE.FORTIN DD *
(program cards (source code)) @}

/*




//LINK.SYSLMOD DD DSN=ZBXXX.MYFILE.LOAD,UNIT=DISK, @Z@

V4

VOL=SER=DISKXX,SPACE=(TRK, (20, ,1)),DISP=(NEW,CATLG)

The following points should be noted:

AVGUTL (<:>) 15 the name of the new user utility.
(This is the name that will occur in the automatic
sequence. )

AVRAGE ((Z)) 1s tne name of the main user subrou-
tine in the program from 1 (Section 6.1.1.1.1).

FPARM XREF ((Z@ ) 1s an optional card. It causes
tne FORTRAN compiler to generate a cross-reference

tnat 1s generally useful to the programmer.

Tne converted program created in Section 6.1.1.1.1
must be included in this card deck at 11 .

ZBXXX.MYFILE.LOAD ( (D)) is the name of the user
licrary in which the new utility is to be stored.
ZBXXX 1is tne user ID, MYFILE is a descriptive name
caosen by the user to identify his library, and

LOAD is a suffix that is always used when building

_____

DISKXX ( <:> ) 1s the ID of the disk on which the
library is to be created.

SPACE=(TRK, (20,,1)) (({J) tells tne amount of
space on the disk that 1s to be reserved for the
user's library. 1In this case, 20 tracks are to de
used. The size of the user's liorary will vary

depending on tne numper ana size of utilities in it.

In tnis example a user library is created. If zne user 1li-

orary already exists, the following LINK.SYSLM. > card shoula

oe useaq:

,. LINK.SYSLMOD DD S5SN=ZBXXX.MYFILE.LCUAD,DI: = SLD,KEEP)




wnere Z3XXX.MYFILE.LOAD is the name of the existing library
(Cr2ated on a previous run), an2 =~a =iz=azt=:am~ car

DISP=(ULD,KEEP), indicates tnat tne Linbrary already exisus

ana snould oe kept on file after execution.

6.1.1.2 Using the Utility in a GMAS Automatic Sequence

To use tne uctility in an automatic sequence, the user must
submit tne deck presented pelow. Underlined items indicate
tne cnanges in the standard input (Figure 2-~1) necessarv
wnen using utilities other than GMAS utilities.

col. 1

A 4

//ZBXXXTST JOB. ..

//*FORMAT. . .

/ /*FORMAT. . .

// EXEC GMAS,REGION.GO=300K (;2
//STEPLIB DD DSN=ZBXXX.MYFILE.LOAD,DISP=SHR
//GO.DATAS DD *

&CONTRL IFTUBE=50,1FTABL=49,IFTPRT=9,SEND
&GMASEX SEQNAM='CARDS', IBATCH=1,NEWUT=1,UTNAME="'AVGUTL' , sEND
DRIVEL

16

PRFCON
aveur. (8
SAVGUT
A=70.,80.,90.,100.,
S END
Bur
/".‘.'
/7

Tne following points should be noted:

) Since this utility is very small, it will not
require tne 375K bytes of core normally reguired for an
orbit propagation. Instead, this case car be run in 300X
(.

[ The STEPLIB card ( ) must be included when the
user is including his own utilities in the automatic se-
quence. ZBXXX.MYFILE.LOAD is the name of the user's library
tnat contains the utility to be used in tne automatic ze-

guence.

@




° Two variables must be added to the &GMASEX card

( <:>). NEWUT=1 1ndicates that one user utility will e
includea 1in tne automatic sequence. UTNAME='AVGUTL' speci-
fies tne utility name. Up to 10 user utilities can be used
- in a run. For example, if three user utilities (UT1l, UT2,
and UT3) are used in an automatic sequence, the user sets

NEWUT=3,UTNAME='UT1','UT2','UT3"',.

) The user utility name, AVGUTL ( ‘ ), 1s incluaed
at tne proper point, and input is through NAMELIST AVGUT
( (:) ). Tne result ot running this deck is the printed
average of tne four numbers under &AVGUT (see Figure 6-2).
o.l.2 EXAMPLE 2: UTILITY WITH DYNAMIC ARRAY INPUT/QUTPUT

USING ROUTINES COMPUT, FECHDA, AND STORDA

In GMAS, results from one utility can be stored in a dvnamic
array and passed into another utility as input. This util-
ity can process the information and store the results in a
dynamic array, wnich can be passed in turn to another util-
1ty as the process continues. Dynamic arrays can be passed
through the argument list (see Sections 6.1.3 and 6.1.4) or,

as shown in tnis example, by using GMAS system routines

6.1.2.1 Creating the Utility

The objective in this example is to create a utility named
AVGUTL that takes four R*8 numbers from dynamic array NUMBRS
ana puts their average in dynamic array AVERAG using rou-
tines COMPUT, FECHDA, and STORDA. The 3t2ps necessary to
accomplish tnis are described telow.

6.1.2.1.1 Writing the FORTRAN Program

Tne rfollowing FORTRAN program can oe used to meet tne objec-
tive 1n tnis example:
col. 7

¥
SUBROUTINE AVRAGE (IFEN, IERR)

c-2
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IMPLICIT REAL*8(A-H,0-2)
DIMENSION A (4)
CALL COMPUT ('NUMBRS',IADRL, 'AVERAG', IADR2) @)
IF (IADR1.EQ.0.OR.IADR2.EQ.0) GO TO 990 2
CALL FECHDA (A, IADRL, 4)
SUM=0.0
DO 100 I=1,4
SUM=SUM+A (I)
100 CONTINUE
AVG=SUM/4.0
CALL STORDA (IADR2,AVG,1) (j
GO TO 1000
990 CONTINUE
IERR=1
WRITE(6,99%)
995 FORMAT ('l**ERROR NECESSARY ARRAYS HAVE NCT BEEN
* ALLOCATED**')
1000 RETURN
END

fne following points should be noted:

® The first three lines of code are the same as in
example 1 (Section 6.l.L1.1.1), :xcept the NAMELIST statement
1s not used since there is no MNAMELIST input in this case.

o GMAE executive service routine COMPUT is called to
compute the addresses of dynamic arrays NUMBRS ané AVERAG
(C:)). A call to COMPUT must precede calls to FECHDA or
STORDA since these routines require the addresses of the dy-
namic arrays, which are calculated in COMPUT. (Appendix E
of the User's Guide provides a complete description of
COMPUT.) 1If a dynamic array is not allocated, its corre-
sponding address (in this case, IADR1 or IADR2) is set t=~ 0
by COMPUT. If this occurs (<>), exXxecuctlon continues at
990, where the error flag is set to a nonzero number t(E))
and an error message 1s written (). Since IERR=1, the
ercror will be captured by GMAS, thereby saving a possible
system error.

° FECHDA i3 called (C)) to transter the conz2ncs of
aynamic array NUMBRS (at adcress IAUXL) to arrzy A v.z7ain

tne program. Appendix E of tae User's Guiae provi.a: ;3

complete description of FECHDA.)
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° The average is computed just as it is in example 1
(Section 6.1.1.1.1). Routine STORDA is then called to
transfer the average from local variable AVG to dynamic
array AVERAG (at address IADR2). Execution continues at
1000, where the RETURN statement is encountered.

6.1.2.1.2 Collecting the Necessary Information

The information necessary to create and store the utility in
this example is the same as that specified in example 1
(Section 6.1.1.1.2).

6.1.2.1.3 Creating the Input Deck

T

3

tl‘l.s (20"t

The input card deck to build the desired utility i
(Sec-

ample is the same as that specified in example 1
tion 6.1.1.1.3).

6.1.2.2 Using the Utility in a GMAS Automatic Segquence

To use this utility in an automatic sequence, the user can
submit the same card deck as specified in example 1 (Sec-
tion 6.1.1.2), except the automatic sequence must be as fol-
lows:

col. 1

DRIVE1L

PRFCON

AVGUTL

*NUMBRS,A,R8,1,4
&VALUE
p=70.,80.,90.,100.,
&END

* AVERAG,A,R8,1,1

PRTDYN
&PRTDY
NARRS=2,
ARRNAM='NUMBRS', 'AVERAG',
ARRTIT='NUMBERS', 'AVERAGE',
OUTFMT='F10.2','Fl10.2"',
&END

EOF




In tals case dynamic arrays NUMBRS and AVERAG must be allio-
cacted. NUMBRS was initialized with the numbers to be aver-
agea. After tne AVGUTL utility has been executed, PRTDYN is
callea to print the values of the dynamic arrays. Table D-6
Oof tne User's Guide provides a aescription of the NAMELIST
PRTDYN input variables.

Figure 6-3 snows example Z results.

o.1l.3 EXAMPLE 3: UTILITY WITH DYNAMIC ARRAY INPUT/QOUTPUT
USING THE SUBROUTINE ARGUMENT LIST

Example 2 (Section 6.1.2) presents a method for accessing

aynamic arrdys uslng executive routines COMPUT, FECHDA, and

STORDA. This example (example 3) illustrates another metrnod

tor transterring dynamic array intormation into the utilicy.

6.1.3.1 Creating the Utility

Tne objective in this example is to create a utility named
AVGUTL that takes four R*8 numbers from dvnamic array NUMBRS
ana puts their average in dynamic array AVERAG using the
subroutine argument list. The steps necassary to accomplish
tnls are described below.

A1 .1 1 Writin

1 a +=n
~w ey Gl

~n
= N AN de ANS ALY

Tne tollowing FORTRAN program can be usea to meet the objec-
tive 1n tnis example:

col. 7

14

SUBROUTINE AVRAGE (NUMBRS,AVERAG,IFRN,IERR) (1)
IMPLICIT REAL*8(A-H,0-2)
COMMON/DIMCOM/I1,J1,K1,12,J2,k2 (2

DIMENSION NUMBRS (I1)

SUM=0. 0
DO 100 I=1,4
SUM=SUM+NUMBRS (1) (5

100 CONTINUE
AVERAG=5UM/4.0  (6)
RETURN
END
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ine rollowing points snould pe noted:

® In this example, the dynamic arrays are passed
tnrough tne argument list ((:D). The format of the main
~subroutine 1s as follows:

SUBROUTINE utility-main(DAl,DAz,...,DAn,IFRN,IERR)

where DAL""'DAn are thne dynamic arrays needed by tne
subroutine. These dynamic arrays have been given dimensions
previously by tneir allocation cards in the automatic se-
quences. This dimension information is then passed into the
utility using COMMON block DIMCON (<:)). Therefore, the
user can provide utilities that operate on dynamic arrays
wnose dimensions can be determined in tne automatic seguence
during tneir allocation. For example, if the user desires a
utilicy that averages all of the numbers in a dynamic arravy
(of arpitrary length), this can be accomplished by simply
cnanging line (4) to DO 100 I=1,Il, and line (6) to
AVRAG=5UM/Il. This 1illustrates tne primary advantage in
using the argument list method as opposed to the method used
1n example 2.

) All three dimensions must be included in COMMON
block DIMCOM for each dynamic array, even if the dynamic
array was allocated in one dimension. In this example, the
values of Il, J1, K1, I2, J2, K2 will be 4, 1, 1, 1, 1, 1,
respectively.

Page 7-1 of the User's Guide provides a complete description
of passing dynamic arrays and their dimensions into a util-
ity.

6.1.3.1.2 Collecting the Necessary Information

Tne inrformation necessary to create and store tne utility in
this example 1s tne same as trac specifiea :n example 1
(section 6.1.1.1.2).




6.1.3.1.3 Creating the Input Deck

The input card deck to build the desired utility in this
example is the same as that specified in example 1 (Sec-
tion 6.1.1.1.3), except it must include the variables
ARRNAM='NUMBRS', 'AVERAG', under NAMELIST UTIL to designate

the existence of dynamic arrays in the utility argument list,

6.1.3.2 Using the Utility in a GMAS Automatic Sequence

The input deck setup and automatic sequence in this example
are identical to those specified in example 2 (Sec-

tion 6.1.2.2). The results in both examples are also icden-
tical.

6.1.4 EXAMPLE 4: UTILITY WITH DYNAMIC ARRAY INPUT/OUTPUT
USING THE ARG CARD
In examples 2 and 3, the names of the input and output dy-
namic arrays are hard coded in the utility; input must come
through dynamic array NUMBRS, and output must be transtferred
through dynamic array AVERAG. If, for instance, the user
wanrts to average the numbers in another four-element arrav
named NUM2 and put their average in an array named AVGZ, ne
cannot use the same utility (AVGUTL). This can present
quite a problem if the user has a number of four-element
arrays (NUM1,NUM2,...,NUMN) from which he wants to obtain
averages (AVGl,AVG2,..,AVGN) in the same automatic se-
guence. To cdo this he either needs N differeht utilities or
must do a great deal of transferring of numbers frcm one
array to another.

This problem can be solved using the ARG card. The ARG
card, which follows the utility card in an automatic se-
quence, is used to specifv the input, /output dynamic arravs
that are to be processed by the utility. For example, if
the user has a utility, UTIL, that uses the ARG card t2 Iind

the average of numbers in a four-element array, tre



ARG card could be used as rfollows to accomplisn the reguired
task:

UrIL
ARG NUMIl, AVGl
Ul'IL
ARG NUMZ, AVGZ2

UITL
ARG NUMN, AVGN

bxample 4, presented peiow, is provided to clarify the use
oL the ARG cara.

o.l.4.1 Creating the Utility

The opjective in this example is to create a utility that
adds two dynamic variables and places their sum in a third
dynamic variable. All three of tnese dynamic variabies are
to be passed through the argument list using the ARG card.
This urility is then to be used in an automatic sequence to
add three dynamic variables by its successive execution.

Tne steps necessary to accomplish this are described helow.
o.l.4.1.1 wWwriting the FORIRAN Program

I'ne tollowing FORTRAN program can be used to meet the onjec-
tive 1n tnlis example:

col. 7

A 4

SUBROUTINE DYNSUM (A,
IMPLICIT REAL*8 (A-H,
SUM=A+B

RETURN

END

SUM,IFRN, IERR)
Z)

B,
O-

I'ne following points should be noted:

° A anc B are the numbers to pe input in t:2 utilizv;

their sum will be output in the SUM posi-:ion.
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e Since A, B, and SUM are scalirs, DIMCOM does not
need to oe included.

) As usual, IFRN ana I[ERR must be includea at the end
of the argument list.

6.1.4.1.2 Collecting the Necessary Information

The information necessary to create and store the utility in
this example is as follows:

Information Item Specific
Deck of cards consisting of FORTRAN FORTRAN source deck
code for utility
Name ot main subroutines in source DYNSUM
deck
Name ot new utility SUMUTL
Name of library in whicn utility ZBXXX.MYFILE.LOAD
15 to De stored
Name oL aisk on whicn library DISKXX
resices

6.1.4.1.3 Creating the Input Deck

lhe 1nput card deck to build tne desired utility in this ex-
amplLe is tne same as that specified in example 1 (Sec-
tion 6.1.1.1.3). except UTLNAM='SUMUTI.' and PRGNAM='DYNSIM'

6.1.4.2 Using tne Utility in a GMAS Automatic Sequence

To use this utility in an automatic sequence, the user can
enter the same card deck as specified in exaﬁple 1 (Sec-
tion 6.1.1.2), except UTNAME='SUMUTL'. The automatic se-
quence used to add three dynamic variables using the SUMUTL
utility is as follows:

Automatic Sequence Explanation
DRIVE1l
PRFCON _
*s,A,Rb8,1,1 Allocate ana i1nitial-
&VALUE 12e dvnamlc variables
b=5.,
&END




Aytomatic Sequence Explanation

*Y,A,R8,1,1
& VALUE
D=10.,
&END
*Z2,A,R8,1,1
&VALUE
D=15.,
&END
*s5UM,A,R8,1,1
S UMUTL X + Y = SUM
ARG X,Y,sUM
SUMTUL Z + SUM = SUM
ARG Z,5UM,SUM
PRTDYN

& PRTDY Print values of X,
NARKRS=4, Y, 2 and their sum
ARRNAM='X','Y','2','suu’,

ARRIIT="X','Y','2"','SUM"',
QULFMT=4*'Fo.2"',
&END
EQF

Tne following points should be noted:

° The SUMUTL utility card must be followed by an ARG

card with three dynamic array names.

) There must be a space between ARG and the first dy-
namic array.

o Although the dynamic array names are not fixed, the
number and type of the dynamic arrays are not op-
tional. '

rigure 6-4 shows example 4 results.

6.2 MODIFICATION OF EXISTING UTILITIES

It 1s often desirable to make modifications to subroutines
in a preexisting utility. This can be accomplished by using
tne UTLBLD program discussed in Section 6.1. To modifyv a
preexisting module (for example, tne utility moduls
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Created in example 1 (Section 6.1.1)), tne user snould Dro-

ceed as foLiows:

L. Collect tne following information necessary to

modify tne preexisting module:

Information Item Specific
Modified suproutines or subroutines AVRAGE
to be aaded
dName or utility to be modified AVGUTL
Name of library containing utility ZBXXX.MYFILE.LOAD

to be modified

2. Submit the deck specified below. Underlined items

indicate user-supplied information.

col. 1
. ,
//userid JOB...
//*FORMAT. . .
//*FORMAT. . .
// EXEC UTLBLD,REGION.PREP=50X (1)
//PREP.DATAS DD *
§UTIL |
oer=1, (2) .
UTLNAM='AVGUTL', (3
SEND
FPARM XREF
/x
~ //SOURCE.FORTIN DD *

(corrected subroutine) (2)
*

//LINK.SYSLIB DD DSN=ZBXXX.MYFILE.LOAD,DISP=SHR
//LINK.SYSLMOD DD DSN=Z3XXX.MYFILE.LOAD,DISP=(OLD,KEEDP)

// EXEC PGM=IEBCOPY
//SYSPRINT DD SYSOUT=A

//INOUTS5 DD DSN=2BXXX.MYFILE.LOAD,DISP=(OLD,KEEP) @
//SYSUT3 DD UNIT=DISK,SPACE=(TRK, (1))
//SYSUT4 DD UNIT=DISK,SPACE=(TRK, (1)) .

//SYSIN DD *

COPYOPER COPY QUTDD=IMOUTS, INDD=INOUTS
/*

//

)



The following points should be noted:

e REGION.PREP=50K ((E)) must be included to aveid job
termination if the user is modifying an existing
utility.

° IOPT=1 (()) is the switch that indicates that the
user is modifying an existing utility.

® AVGUTL (()) is the name of the utility to be modi-
fied.

° The corrected subroutine(s) should be inserted at
¢  ZBXXX.MYFILE.LOAD ((3)) is the name of the user 1i-
brary that contains the utility to be modified.

®  ZBXXX.MYFILE.LOAD ((§)) is the name of the library
that will contain the new modified utility,
(Usually, the utility is put back in the same
library.)

® To avoid depletion of available space in the 1li-
brary, it is necessarv to compress the library
after the modified utility has been added ((7)).

6.3 CREATION OF SPECIAL OUTPUT PARAMETER MODULES

Some mission-specific problems require output that cannot be
acquired using any of the standard GMAS output values
(NOUT=-3 through 3) or user-selected GMAS output values
(NOUT=4 through 6). The GMAS special output (SPOUT) capa-
bility is very effective in such cases. This capability
enables the user to write his own FORTRAN program (in which
SPOUT must be the main routine) to be incorporated with the
existing general parameter (GPARM) output mcduls. The
user's program will then be called after the last lire of
GPARM output (determined bv NOUT). Various levels of oa-
rameters are available to “he SPOUT -outine khAr-oah i:s

argument list.
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To use the GMAS SPOUT capability, the user should oroceed as
follows:

1. Write the SPOUT routine to be linked with the
existing GPARM output module.

2. Use UTLBLD to create a special output parameter
module that incorporates the new SPOUT routine.

Section 6.3.1 discusses the two steps specified above. Sec-
tion 6.3.2 discusses using the newly created special output

parameter module in a GMAS automatic sequence.

6.3.1 CREATING THE SPOUT ROUTINE AND THE SPECIAL OUTPUT
PARAMETER MODULE

6.3.1.1 Writing the SPOUT Routine

The user must write the SPOUT routine in the form specified

below. Underlined items indicate user-supplied information.

col. 7

¥

SUBROUTINE SPOUT(POS,VEL,SF,OUTPRM, TIME, ITIME, IPARMS,
* NOUT,ITYPE, LNECNT, LEVEL, IERR) (E)

IMPLICIT REAL*8(A-H,0-Z)

DIMENSION POS(3),VEL(3),0UTPRM(55),TIME(4),ITIME(8),
* NOUT ( 3)

IF (LEVEL.EQ.0) GO TO 900 2

(user's code)

LNECNT=LNECNT+n  (3)
900 CONTINUE

LEVEL=m

RETURN

END

The following points should be noted:

° The argument list (()) contains a number of param-
eters that can be used in the user code. Some ¢f the more
useful carameters iare discussed below.



- OUTPRM is a 55-element array that is passed
through the argument list. OUTPRM contains information in
the order specified in Table C-6c of the User's Guide (e.g.,
OUTPRM(2) = eccentricity).

- LNECNT is a variable that keeps a running
total of the number of lines printed out. It is used in
paginating the GMAS output parameter report. This variable
must be incremented in the SPOUT routine by the number of
printed lines produced in the routine (()).

- LEVEL is a variable that must be set to 1, 2,
or 3, depending on the level of information the user desires
passed through the OUTPRM array into the SPOUT routine. The
different levels and the corresponding IPARMS values (see
Table C-6c of the User's Guide) that will be computed are as
follows:

Level IPARMS Values

1 1-6
2 1-36
3 1-55

If, for example, the user needs the value of the spacecraft
spin axis (IPARMS=38), he sets LEVEL=3 to ensure that the
necessary computations will be carried out. The value of
the spacecraft spin axis is then located in OUTPRM(BS). (IE
the user were to set LEVEL=2, the OUTPRM(38) location might
contain a meaningless value.) 1If, for another example, the
user needs only eccentricity (OUTPRM(2)), he sets LEVEL=l.

- IERR is used as an error flag. If the user
desires to flag an error in his program (e.g., to avoid di-
vision by zero), he should include an error message (using a
FORTRAN WRITE statement) and set IERR=l. This will result
in a GMAS error traceback printout.



° Tue IF test (C)) must occur as tne first execut-
anle Line of code in tne SPOUT routine. This is necessary
tor tne proper interfacing of tne SPOUT routine and the main
subroutine witnin tne GPARM module. GPARM calls SPOUT once
Per orolt propagation with LEVEL=0 to determine tne propaga-
tion level of computation. On all other calls LEVEL is as
set by tne user. Tne user can insert his code after the IF
test described acove. His code can include nis own subrou-
tines or GMAS service routines (see Section 6.5 of this

document and Appendixes E and F of the User's Guide).

° Atter the user's code LNECNT must be incrementea by

tne number of lines (n) that were printed as a resulct cf nis
code (@).

° The LEVEL indicator (()) must be set after the
900 label and before returning (m represents the level of
computation necessary to make certain propagated parameters

avalilaole in the UUTPRM array).

6.3.1.2 Creating tne special Qutput Parameter Mcdule

To create a special output parameter module that incorpo-
rates the new SPOUT routine and stores 1t in the user's 1li-
- brary, tne user must submit the card deck specified below.

Underlinea items indicate user-supplied information.

col. 1

Y
//useria JOB...
//*FORMAT. ..
//*FORMAT. ..
// EXEC UTLBLD,REGION.PREP=50K, PARM. LINK="MAP,LIST,LET,QVLY"
//PREP.DATAS DD *

SUTIL

IOpPT=1,

UTLNAM="'name',

OLDUTL="'GPARM' ,OLDENT="'IMPLS"',

&END '
FPARM XREF




//SOURCE.FORTIN DD *

(SPOUT routine) (2)

//PREP.LINKIN DD DSN=GJMAS.OVERLAY.DATA (GPARM) ,

// DISP=SHR, LABEL=(,,, IN)

//LINK.SYSLIB DD DSN=GJMAS.GO.LOAD,DISP=SHR

//LINK.SYSLMOD DD DSN=userid.filename.LOAD,UNIT=DISK,

// VOL=SER=DISKxx,SPACE=(TRK, (20, ,1)),DISP= (NEW,CATLG)  (3)

The user must include the name of tne new output parameter
moauule ((Z)), the SPOUT source code (see Section 6.3.1.1)
(C)), and the names of the user's library (C)) and the

aisk (@).

6.3.2 USING THE SPECIAL OUTPUT PARAMETER MODULE IN A GMAS
AUTOMATIC SEQUENCE

To 1ncluue the special output parameter module in an auto-
matic seguence, tne user must submit a deck in the form
specified below. Underlined items indicate user-supplied

intormation.
coi. L

Y
//userid JOB...
//*FORMAT. ..
/ /*FORMAT. ..
// EXEC GMAS,REGION.GO=400K
//STEPLIB DD DSN=userid.filename.LOAD,DISP=SHR C)
//GO.DATAS DD *
&CONTRL IFTUBE=50, IFTABL=49,IFTPRT=9, &END
&GMASEX SEQNAM='CARDS',IBATCH=1,&END
DRIVE1l
PRFCON
ORBINP
&ORBINP

(oroital input information)

PARMM='name' (o)
SEND

ORBIT

EUF

-~y



The tollowing points should be noted:

° A STEPLIB card must pbe included with the name of
the user's library (see Section 6.3.1.2). (C:) and
<:) (from Section 6.3.1.2) should be the same.)

® The automatic sequence can be written in the normal
fashion, except the user should substitute his
special output parameter module for the GPARM mod-
ule. This is done using variable PARMM. (@D and
(:) (from Section 6.3.1.2) should be the same.)

©.4 CREATION OF PARAMETER MODULES

In section 6.3, the general parameter (GPARM) output module
1s replaced by the user's special output module, which is
the same as GPARM except that it contains a user-defined
SPOUT routine that causes special user-defined output to be
princed at eacnh stop after tne standard GMAS output.

Modules such as this one are called parameter modules. Pa-
rameter modules are like utilities in that they are self-
contained programs (lcad modules) that can be ouilt bv using
tne UTLBLD procedure. They differ from utilities in the
following ways:

o Parameter modules are not placed in the automatic
sequence. They are specified through variable
PARMM (PARMM='GPARM') in NAMELIST ORBIN.

° To use a new utility in an automatic segquence, tne
user must include wvariables NEWUT and UTNAME in
NAMELIST GMASEX. This is not necessary when using

a new paramecter module.

] Input to utilities can be througnh NAMELIST vari-
ables or dynamic arrays. Input to parameter mod-
ules 1is usually tnrough a fixed arsument list.

] Ine parameter moaule 135 executed 2acs time the or-

Dlt propagator achleves a stopping condicion.
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In gyeneral, a parameter module 3hould be usea insteaa of a
utility moaule it the user wants to execute the module at
speciric events during the propagation of a satellite or-
bit. However, a parameter module can be executed witnhout
the propagation ot an oroit. This can ve accomplished by
includaing the variable value IPOPT=99 unaer NAMELIST ORBIN.

To create a parameter module from a supbroutine, existing
program, or logically connected group of subroutines, the
user should proceed as follows:

1. Convert the main routine to a subroutine.

2. Use UTLBLD to create the new parameter module and
store 1t in the user's library.

Section 6.4.1 discusses the two steps specified above. Sec-

tion 6.4.2 discusses using the parameter module in a GMAS
automatic sequence.

6.4.1 CONSTRUCTING THE PARAMETER MODULE

6.4.1.1 Constructing the Main Routine of tne Parameter
Moaule

To construct the main routine of a paramecer module, the
user must write the routine in the form specified oelow.

Unaerlinea items 1inaicate user-supplied information.

col. 7

Y

SUBROUTINE param (STATEI,STATEF, PARMS,NOUT, ITYPE, <:)
IDYN, IPARMS, IERR)

IMPLICIT REAL*8(A-H, 0-2)

COMMON/DIMCOM/I1,J1,K1,12,J2,K2,13,J3,K3

DIMENSION STATEI(Il),STATEF(I2),PARMS(I2,J3),NCUT(3),

* IPARMS (10)

.
.

(user code)

RETURN
END

e



Tne following points should be noted:

° Entry param ((:>) 1s tne user-cupplied name of tne
main routine in tne program tnat LS to pe converted into a
parameter module. Parameter modules have a fixed argument
list. STATEI, STATEF, and PARMS are dynamic arrays, and tne
other variaoles are passed througn the argument list (like
IFRN ana IERR in the main routine of a utility; see Sec-
tion 6.1.3). oSection 3.3.4.2.1 of the GMAS System Descrip-
tion provides a complete description of the variables in tne
argument list.

° NOUT, IDYN, and IPARMS contain the values input
under NAMELIST ORBIN in the automatic sequence preceding the

ORBIT card. These variables are often used to pass informa

tion into the parameter module. An example of this is
COMPLM (a parameter load module used to calculate various
parameter differences of two orbits), which uses nonstandard
values of the variables as input. (See Section C.2.5 of the
User's Guide.)

° ITYP is an inaicator flag having the focllowing
values:
Value Meaning
-1 Initial entry to the parameter module

(before a call is made to the propagator)

0 Intermeaiate call to tne parameter
module (after a stopping condition
has opeen met)

1 Final call to the parameter module

It ITYP is set to 2 by tne user, ORBIT propagation is termi-
nated.

° IERR 1s the error condition indicator. If an error
cccurs during the execution of tne user's parameter module,
1ZRK snould be set to a nonzero value.



4.1.2 Creating the Parameter Module

l'o create the new parameter module and store it in the
user's library, the user must submit a card deck in the form
specified pbelow. Underlined items indicate user-supplied
information.

col. 1

Y

//userid JOB..
//*FORMAT. ..
//*FURMAT. ..

// EXEC UTLBLD
//PREP.DATAS DD *

&UTIL
UTLNAM='PRMOUT',PRGNAM='parm', (2) (3)
ARRNAM=TSTATEI" , ' STATEF' ' BARNS ',

&END

FPARM XREF

/*

//SOURCE.FORTIN DD *

(source code)

/*
//LINK.SYSLMOD DD DNS=ZBXXX.MYFILE.LOAD,UNIT=D SK, CD
// VOL=SER=DISKxx,SPACE= (TRK,(ZO,,l)), 5

// DISP= (NEW, CATLG)

The following points should be noted:

) PRMOUT (CD) 1s the user's parameter module name
(the user sets PARM='PRMOUT' in NAMELIST ORBIN).

° Entry parm (C)) is the name of the main routine in
tne FORTRAN program (see 3Section 6.4.1). \fz) and

C; should be tnhe same.)

. (:) 1s the name of the user's library, and (:) iz
tne disk on which it will reside.

6.4.2 USING THE PARAMETER MODULE IN A GMAS AUTCMATIC
SEQUENCE

To use tne new parametar module in an automatzic segu=nce,

s
ne user must proceed as specified in Section 5.3,
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©.4.3 MISCELLANEOUS ASPECTS OF USER MODULE CREATION

Ine following points snoula oe noced concerning the creation
of user modules:

° The UTLBLD deck setups given in this section and
Section 6.3 are to be used if the user is creating a li-
brary. It a library already exists, or if the user wants to
update an existing parameter module or special output rou-
tine, he snoula use tne method descripbed in Section 6.2 ana
refer to Section 7 of the User's Guide. 1If the user's 1li-
brary contains only one utility or parameter module, it may
be easier to delete the entire library and start over
again. Tnis can be accomplished by putting the following

two cards after the //*FORMAT cards in the UTLBLD deck:

col. 1
Y

// EXEC PGM=IEFBR14
//DELETE DD DSN=ZBxXX.MYFILE.LOAD,DISP=(GLD,DELETE)

where 4BxXx.MYFILE.LOAD is the library file to be deleted.

° Tne user can also modify or create propagators.
sucn modules, called propagator modules, are specified
tnrough variaple PROPM (PROPM='TRCOWL') in NAMELIST ORBIN.
 The building and use of propagator modules is similar to
that of parameter modules, except tne propagator module main
suproutine has a different argumenc list than the parameter

moaule main subroutine.

6.5 USE OF GMAS SERVICE ROUTINES IN USER LOAD MQDULZES

A number of GMAS service routines can ve called from a user
FORTRAN program that is to become a utility or a parameter
module. Most service routines can be classifiesc into the
tollowing categories:

° Dynamic array handling routines

® Coordinace and eiem=nt conversion routines

=3 .



e Matrix and vector manipulation routines

° Time and date conversion routines

Other service routines compute the state transition matrix
(TRANMX) , compute the partials of the Keplerian elements
with respect to the Cartesian elements (KPART), and perform
many other useful services. Appendixes E and F of the
User's Guide provide a complete categorized list of all
avalilable service routines.

Tne use of service routines is illustrated in the tollowing
example. The objective in this case is to write a FORTRAN
program co be convertea into a GMAS utility that calculates
tne magnitude of the position and velocity vectors orf a
satellite, gilven tne Keplerian elements through dynamic
array KEPLER and the gravitational constant times the mass
of tne cenctral body through dynamic array GMC. The dynamic
arrays involved are as follows:

Dynamic Arrays 1/0 Dimension
KEPLER I 6
GMC I 1
POSMAG 0 1
VELMAG 0 1

The solution program for this proolem is specified below.
Underlined routines indicate GMAS service routines used.

SUBROUTINE MAG (KEPLER, GMC, POSMAG, VELMAG, IFRN, IERR)
COMMON/DIMCOM/Il,Jl,Kl,IZ,JZ,KZ,I3,J3,K3,I4,J4,K4)
DIMENSION KEPLEX(Il),GMC(I2),POSMAG(I3),VELMAG(I4)
DIMENSION PV (3),VV(3)

CALL CELEM(KEPLER,GMC, PV, VV)
POSMAG=SQRT (FDOT (PV, PV, 3))
VELMAG=SQRT (FDOT (VV,VV, 3))

RETURN

END

o




SECTION 7 - MISCELLANEOUS GMAS CAPARILITI

to

S

Slnce tnls aocument 13 a primer, it does not cover all as-
pects or capapbilities of GMAS and its connected software.

This section introduces some of the GMAS capabilities not

covered in the primer and speciries appropriate sources of
reference for these capabilities for interested readers.

7.1 GMAS INTERACTIVE MODE

Although this document deals only with GMAS in the batcn
mode (i.e., input via card deck), GMAS can also be run in an
lnteractive mode using one of the GSFC cathode ray tube
(CRT) graphics terminals (IBM 2250, IBM 2260,

Anagraph 6600). 1In the interactive mode, automatic se-
quences can be edited and created (automatic mode), or util-
lties can be executed individually at the user's discretion
(manual mode). Section 4 of tne User's Guide presents a
complete description of GMAS interactive capabilities and
operatling 1nstructions.

7.2 GMAS AUTOMATIC SEQUENCE LIBRAKRIES

GMAS nas a library orf preexisting automatic sequences.
Tnese automatic sequences can be accessed by replacing
SEQNAM ='CARDS' witn SEQNAM ='automatic sequence name' in
NAMELIST GMASEX.

In Section 5.6 of this document, the preexisting automatic
sequence MEANEL is used to create mean elements to be inpbut
in tne averaged orcit propagator. The user can develop his
own library of automatic sequences to complement those ex-
isting in the GMAS library. The user must include the card

//FTO04F001 DD DSN = 'usericd.userfilename.DATA',DISP=SHR

o

where tne user's r:ile i3 a partitioned data set (

o
Ui

DS) whose

n

tn

members are automat:c s2guances (sequential data sets o

record lengtn 30).




Preexisting automatic sequences are of very little valus
unless tne user has a method of updating tnem. Section 3.3
of the User's Guide describes the GMAS automatic sequence

updating procedure.

7.3 GESS EXECUTIVE

The Grapnic Executive Support Svstem (GESS) is a large sys-
tem that provides not only an interactive grapnics capabil-
ity, but also a variety of user services. Reference 7
provides a aetailed description of GESS.

7.4 I0OHAND

IOHAND is an input/output hanaler program originally devel-
opea tor the Grapnics Mission Operations Support System
(GMOS5) . Althougn it is not a GMAS utility, IOHAND may be
userul to GMAS users performing online support functions.
Section 4.1 of the Sotftware Resources document provides a
complete description of IOHAND.
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